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(54) Optical amplifying apparatus and method for amplifying wide-wavelength-band light 



(57) There are provided a plurality of optical adjust- 
ing sections, a wavelength-multiplexing section, and a 
control section. The plurality of optical adjusting sec- 
tions, which are provided for respective wavelength 
bands, amplifies light beams in the respective wave- 
length bands. The wavelength-multiplexing section 
wavelength-multiplexes amplified light beams in the 
respective wavelength bands. The control section con- 
trols the outputs of the respective optical amplifying sec- 
tions so that optical powers of the respective 

FIG. 



wavelength bands will become approximately identical 
at a predetermined point when wavelength-multiplexed 
light of the light beams in the respective wavelength 
bands travels to the predetermined point. This configu- 
ration makes it possible to eliminate optical power devi- 
ations between wavelength bands that would otherwise 
occur when an optical signal of a plurality of wavelength 
bands is transmitted, and to thereby make optical SNRs 
uniform. 
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Description 

BACKGROUND OF THE INVENTION 
f. Field of the Invention 

[0001] The present invention relates to an optical 
amplifying apparatus that has optical amplifiers corre- 
sponding to respective wavelength bands and can 
almost equalize optical powers of the respective wave- 
length bands at a point that an optical signal reaches 
after traveling a predetermined distance by controlling 
the outputs of the respective optical amplifiers, as well 
as to a related optical sending apparatus. The invention 
also relates to an optical transmission system using 
these apparatuses as an optical repeater. The invention 
further relates to an optical amplifying method in an 
optical amplifying apparatus that has optical amplifiers 
corresponding to respective wavelength bands. 
[0002] To construct future multimedia networks, 
ultra-long-distance, large-capacity optical transmission 
systems are now required. The wavelength-division 
multiplexing (hereinafter abbreviated as WDM) is now 
researched and developed as a scheme for realizing 
such increase in capacity, because of its capability of 
effectively utilizing wide bandwidth and large capacity of 
optical fibers and other advantages. 
[0003] In particular, with demand for enhancement 
of the WDM in bandwidth and the number of usable 
wavelengths, optical amplifying apparatuses for amplify- 
ing WDM optical signals that are increased in bandwidth 
and the number of wavelengths are now researched 
and developed extensively. 

2. Description of the Related Art 

[0004] An optical amplifying apparatus for amplify- 
ing WDM optical signals that are increased in bandwidth 
and the number of wavelengths was reported (Trinal- 
wavelength-band WDM transmission over dispersion- 
shifted fiber", Jun-ichi Kani et al. a 1999 IEICE General 
Conference). 

[0005] Referring to Fig. 23 that is drawn based on 
the above report, 16 laser diodes (hereinafter abbrevi- 
ated as LDs) 150-1 to 150-16 emit laser beams having 
wavelengths that correspond to channel-1 to channel 16 
of the S + band, respectively. The emitted laser beams 
are input to an arrayed waveguide grating (hereinafter 
abbreviated as AWG) 151-1 . The AWG 151-1 generates 
WDM light by wavelength-multiplexing the laser beams 
of channel-1 to channel-1 6. The WDM light is input to a 
Mach-Zehnder interferometer type optical modulator 
(hereinafter abbreviated as "MZ modulator") 152-1, 
where it is modulated with information to be transmitted 
and thereby converted into a WDM optical signal. The 
WDM optical signal is input to a thulium-doped fiber 
amplifier (hereinafter abbreviated as TDFA) 153. Being 
a rare-earth-element-doped fiber amplifier that ampli- 



fies light in a 1,450-nm band, the TDFA 153 can amplify 
an S + -band WDM optical signal. The amplified WDM 
optical signal is input to a wavelength-multiplexing cou- 
pler (hereinafter referred to as "WDM coupler") 156 that 

5 is a dielectric multilayer optical filter. 

[0006] A C-band WDM optical signal is generated 
by a block that is similar to the above block and is com- 
posed of LDs 150-17 to 150-32, an AWG 151-2, an MZ 
modulator 152-2, and an erbium-doped fiber amplifier 

10 (hereinafter abbreviated as EDFA) 154 that is provided 
instead of the TDFA 153 and performs amplification in a 
1,550 nm band. The C-band WDM optical signal is input 
to the WDM coupler 156. 

[0007] An L-band WDM optical signal is generated 
15 by a block that is similar to the above block and is com- 
posed of LDs 150-33 to 150-48, an AWG 151-3, an MZ 
modulator 152-3, and a gain-shifted erbium-doped fiber 
amplifier (hereinafter abbreviated as GS-EDFA) 155 
that is provided instead of the TDFA 153 and performs 
20 amplification in a 1,580 nm band. The L-band WDM 
optical signal is input to the WDM coupler 156. 
[0008] The WDM coupler 156 generates a three- 
wavelength-band WDM optical signal by wavelength- 
multiplexing the S + -band, C-band, and L-band WDM 
25 optical signals. The three-wavelength-band WDM opti- 
cal signal is sent to an optical transmission line, that is, 
a dispersion-shifted fiber (hereinafter abbreviated as 
DSF) 157. 

[0009] In the above optical transmission system, 
30 WDM optical signals that are channel-allocated to the 
wavelength bands of the S + band (1,450-1,490 nm), the 
C band (1,530-1,570 nm), and the L band (1,570-1,610 
nm), respectively, are generated, amplified by the rare- 
earth-element-doped fiber amplifiers on a wavelength 
35 band basis, and wavelength-multiplexed into a three- 
wavelength-band WDM optical signal, which is sent to 
the optical transmission line. 

[0010] Incidentally, it is known that crosstalk occurs 
between WDM optical signals traveling through an opti- 
40 cal transmission line owing to nonlinear optical phenom- 
ena such as stimulated Raman scattering, four-wave 
mixing, and cross-phase modulation. 
[0011] In particular, the stimulated Raman scatter- 
ing makes optical powers of respective channels non- 
45 uniform because it causes shorter-wavelength optical 
power to be transferred to a longer-wavelength side 
through interaction with optical phonons in the optical 
transmission line. This causes a gain gradient and 
hence deteriorates the optical signal-to-noise ratios 
so (hereinafter abbreviated as "optical SNRs") of WDM 
optical signals of shorter-wavelength channels. 
[0012] Where a WDM optical signal is in a fre- 
quency band of 15 THz having Raman gain, the propor- 
tion D of optical power that is removed from the 
55 shortest-wavelength channel of the WDM optical signal 
is given by 
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(1) 



where N is the number of channels and 7a, Pi, and 7i are 
the wavelength, optical power, and Raman gain coeffi- 
cient, respectively, of an i-th channel. Le is the effective 
length of the optical transmission line and is given by 
Le = {1 - exp(-a)}/a where a is the loss coefficient of 
the optical transmission line. Aeff is the effective core 
cross section of the optical transmission line. 
[0013] In general, the Raman gain coefficient is tri- 
angle-approximated and given by 



_iAOp_ 
1.5x10 13 



(2) 



where Af is the space between channels and tp is the 
peak gain coefficient that is the maximum value of 
Raman gain coefficients that are obtained by the trian- 
gle approximation. 

[0014] Formulae relating to the stimulated Raman 
scattering including the above equations are described 
on pp. 276-278 of "Optical Fiber Communication Tech- 
nology" (supervised by Yoshihiro Konishi, The Nikkan 
Kogyo Shinbun, Ltd.). 

[0015] It is known that if a 32-wave WDM optical 
signal is transmitted over a certain distance through an 
optical fiber, stimulated Raman scattering causes part 
of the optical power of channel-1 to be transferred to 
longer-wavelength channels and hence causes a gain 
gradient in the WDM signal. That is, it is known that a 
gain gradient due to stimulated Raman scattering 
occurs in a WDM optical signal in a single wavelength 
band. 

[0016] Incidentally, it is calculated that the range of 
the interaction of the stimulated Raman scattering in a 
wavelength band around 1 ,550 nm covers a wide wave- 
length band of 130 nm or more. Therefore, when a 
three-wavelength-band WDM optical signal whose 
channels are set in three wavelength bands are trans- 
mitted over 100 km in the optical transmission system of 
Fig. 23, it is expected that at point X, which is the point 
where the transmission ends, the optical SNRs deterio- 
rate because stimulated Raman scattering causes part 
of the optical power of the S + band that is a shorter- 
wavelength band to be transferred to the C band and 
the L band that are longer-wavelength bands. 
[0017] Based on the above understanding, a meas- 
urement was performed to evaluate how the stimulated 
Raman scattering influences a two-wavelength-band 
WDM optical signal that is transmitted in both of the C 
band and L band. 

[0018] Referring to Fig. 17, 32 LDs 120-1 to 120-32 
emit laser beams having wavelengths that correspond 
to channel-1 to channel-32 of the C-band, respectively. 
The emitted laser beams are input to an AWG 121-1, 



where they are wavelength-multiplexed into WDM light. 
The WDM light is input to an EDFA 122 and amplified 
there. The amplified WDM light is input to an attenuator 
(hereinafter abbreviated as ATT) 123 that attenuates 
5 optical power. The WDM light whose optical power has 
been attenuated to a predetermined level is input to a 
WDM coupler 126. 

[0019] L-band WDM light is generated by a block 
that is similar to the above block and is composed of 
10 LDs 120-33 to 120-64, an AWG 121-2, a GS-EDFA 124 
that is provided instead of the EDFA 122, and an ATT 
125. The generated L-band WDM light is input to a 
WDM coupler 126. 

[0020] The WDM coupler 126 generates a two- 
15 wavelength-band WDM light by wavelength-multiplexing 
the C-band and L-band WDM light beams, and sends it 
to a single-mode fiber (hereinafter abbreviated as SMF) 
127. 

[0021] After being transmitted through the SMF 1 27 
20 over 80 km, the two-wavelength-band WDM light is 
input to an optical spectrum analyzer 1 28 that measure 
the wavelength and the power of light entered. 
[0022] The attenuation amounts of the respective 
ATTs 123 and 125 are so adjusted that the optical 
25 power of each channel in the C band and that in the L 
band are equalized at a point immediately downstream 
of the output point of the WDM coupler 126, that is, at 
point Y shown in Fig. 1 7. 

[0023] In the above measurement system, WDM 

30 light beams having channels in the wavelength bands of 
the C band and the L band are generated, the optical 
powers are then adjusted on a wavelength band basis 
by the rare-earth-element-doped fiber amplifiers 122 
and 124 and the ATTs 123 and 125, and resulting WDM 

35 light beams are wavelength-multiplexed into two-wave- 
length-band WDM light, which is sent to the SMF 127. 
Two-wavelength-band WDM light that has been trans- 
mitted through the SMF 127 over 80 km is measured by 
the optical spectrum analyzer 128. 

40 [0024] Comparison between measurement results 
of Figs. 18 and 19 shows that whereas in Fig. 18 the 
optical powers of the C band and the L band are approx- 
imately identical, in Fig. 19 (after transmission over 80 
km) the optical powers of the C-band are smaller than 

45 those of the L band . 

[0025] In Figs. 18 and 19, the vertical axis repre- 
sents the optical power in dBm and the horizontal axis 
represents the wavelength in nm. In Fig. 20, the vertical 
axis represents the Raman gain in dB and the horizontal 

so axis represents the wavelength in nm. 

[0026] Fig. 20 is a graph that is drawn based on 
Figs. 18 and 19 to clarify the above finding. In Fig. 20, 
mark "x" represents optical powers that are obtained 
when only C-band WDM light is transmitted over 80 km, 

55 marks "A" represent optical powers that are obtained 
only L-band WDM light is transmitted over 80 km, and 
marks "♦" represent optical powers that are obtained 
when both of C-band and L-band WDM light beams are 
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transmitted over 80 km. 

[0027] It is seen from Fig. 20 that when both of C- 
band and L-band WDM light beams are transmitted, the 
optical power of the C band decreases and the optical 
power of the L band increases, that is, the stimulated 
Raman scattering causes part of the power of the C 
band to be transferred to the L band. 
[0028] The above measurement is directed to the 
case where C-band and L-band WDM light beams are 
transmitted in the same direction. A similar measure- 
ment was performed for a case where C-band and L- 
band WDM light beams are bidirectional ly transmitted. 
[0029] Fig. 21 shows a measurement system for the 
latter case. This measurement system is the same as 
the measurement system of Fig. 17 except that the 
block in Fig. 17 for generating L-band WDM light that is 
composed of the LDs 120-33 to 120-64, the AWG 120- 
2, the GS-EDFA 124, and the ATT 125 is provided on 
the side that is opposite, with respect to the SMF 127, to 
the side where C-band WDM light is generated and that 
an optical spectrum analyzer 1 30 for measuring a spec- 
trum of L-band WDM light is added. Therefore, a 
description of the configuration of this measurement 
system is omitted. 

[0030] In this measurement system, the optical 
power of generated C-band WDM light is adjusted by 
the ED FA 122 and the ATT 123 and resulting C-band 
WDM light is sent to the SMF 127. C-band WDM light 
that has been transmitted through the SMF 127 over 80 
km is measured by the optical spectrum analyzer 128. 
On the other hand, the optical power of generated L- 
band WDM light is adjusted by the GS-EDFA 124 and 
the ATT 125 and resulting L-band WDM light is sent to 
the SMF 1 27. L-band WDM light that has been transmit- 
ted through the SMF 127 over 80 km is measured by the 
optical spectrum analyzer 130. 

[0031] The ATTs 123 and 125 make such adjust- 
ments as to equalize the optical power of each channel 
in the C band at point Z1 (see Fig. 21) and that in the L 
band at point Z2 (see Fig. 21). 

[0032] It is seen from a measurement result of Fig. 
22 that the phenomenon that part of the optical power of 
the C band is transferred to the L band occurs in the 
same manner in the unidirectional transmission and the 
bidirectional transmission. 

[0033] In Fig. 22, the vertical axis represents the 
Raman gain in dB and the horizontal axis represents the 
wavelength in nm. Marks represent optical powers 
in the unidirectional transmission that were transferred 
from Fig. 20 and marks represent optical powers in 
the bidirectional transmission. 

[0034] It is seen from Figs. 1 9, 20, and 22 that when 
two-wavelength-band WDM light is transmitted, stimu- 
lated Raman scattering causes part of the power of C- 
band WDM light to be transferred to L-band WDM light. 
That is, the stimulated Raman scattering causes part of 
the power of WDM light in a shorter-wavelength band to 
be transferred to WDM light in a longer-wavelength 



band. As a result, when n-wavelength-band WDM light 
is transmitted, optical power deviations occur between 
the wavelength bands and the optical SNRs of WDM 
light beams in shorter-wavelength bands are lowered. 
5 [0035] In particular, as is understood from Equation 
(1), the optical SNRs deteriorate more in the case of 
ultra-long-distance transmission because Pi and Le 
become larger in that case. 

to SUMMARY OF THE INVENTION 

[0036] An object of the present invention is to pro- 
vide an optical amplifying apparatus, an optical sending 
apparatus, and an optical transmission system that are 
15 free of deviations between optical powers of respective 
wavelength bands after transmission of wide-wave- 
length-band light. 

[0037] Another object of the invention is to provide 
an optical transmission system that increases the opti- 

20 cal SNRs after transmission of optical signals when 
transmitting wide-wavelength-band light. 
[0038] A further object of the invention is to provide 
an optical amplifying method that is free of deviations 
between optical powers of respective wavelength bands 

25 after transmission of wide-wavelength-band light. 

[0039] The above objects are attained by an appa- 
ratus having a plurality of optical adjusting sections, a 
wavelength-multiplexing section, and a control section 
in which the control section controls the outputs of the 

30 optical adjusting sections so that optical power of light in 
a shorter-wavelength band becomes larger than optical 
power of light in a longer-wavelength band. 
[0040] Examples of an optical adjusting section are 
optical amplifiers and optical attenuators. A control sec- 

35 tion, for example, may adjust the outputs of the plurality 
of optical adjusting sections by referring to optical pow- 
ers of light beams in the respective wavelength bands of 
wavelength-multiplexed light that has been transmitted 
by a predetermined distance. Alternatively, the control 

40 section, as another example, may adjust the outputs of 
the optical adjusting sections by referring to optical pow- 
ers of part of light beams in the respective wavelength 
bands of wavelength-multiplexed light that has been 
transmitted by a predetermined distance. 

45 [0041] Since the above apparatus can control the 
outputs of the optical adjusting sections, it can eliminate 
deviations between the wavelength bands that would 
otherwise occur due to wavelength-dependent amplifi- 
cation and losses such as stimulated Raman scattering 

so and a loss in an optical transmission line, a loss in a 
wavelength-demultiplexing section, and a loss in the 
wavelength-multiplexing section, and hence can 
increase the optical SNRs. Therefore, the above appa- 
ratus can improve the performance of the entire optical 

55 transmission system. 

[0042] Here the further objects and features of the 
invention will become apparent from the following 
description to be made with reference to the accompa- 
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nying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0043] The nature, principle, and utility of the inven- 
tion will become more apparent from the following 
detailed description when read in conjunction with the 
accompanying drawings in which like arts are desig- 
nated by identical reference numbers, in which: 

Fig. 1 is a block diagram of a composite optical 
amplifying apparatus according to a first embodi- 
ment of the present invention; 
Figs. 2A-2E illustrate the principle of operation of 
the optical amplifying apparatus of Fig. 1; 
Figs. 3A and 3B show examples of inter-wave- 
length-band preemphasis; 

Figs. 4A and 4B show a case where the number of 
channels in a first wavelength band is increased 
and decreased, respectively; 

Figs. 5A and 5B show a case where the number of 

channels in a second wavelength band is increased 

and decreased, respectively; 

Fig. 6 is a block diagram of a composite optical 

amplifying apparatus according to a second 

embodiment of the invention; 

Fig. 7 is a block diagram of a wide-wavelength-band 

optical sending apparatus according to a third 

embodiment of the invention; 

Fig. 8 is a block diagram of an optical transmission 

system according to a fourth embodiment of the 

invention; 

Figs. 9A-9C illustrate the operation of the optical 
transmission system of Fig. 8; 
Fig. 10 is a block diagram of an entire optical trans- 
mission system according to a fifth embodiment of 
the invention; 

Fig. 1 1 is a block diagram of each composite optical 
amplifying apparatus in the optical transmission 
system of Fig. 10; 

Fig. 12 is a block diagram of an optical transmission 
system according to a sixth embodiment of the 
invention; 

Fig. 13 is a block diagram of an optical transmission 
system according to a seventh embodiment of the 
invention; 

Fig. 14 is a block diagram of each composite optical 
amplifying apparatus in the optical transmission 
system of Fig. 13; 

Figs. 15A and 15B show composite optical amplify- 
ing apparatuses in which the gain-wavelength char- 
acteristic of each optical amplifier is compensated 
for by using a gain equalizer that is an optical filter; 
Figs. 16A and 16B show a composite optical ampli- 
fying apparatus that enables decrease and 
increase in the number of wavelength bands; 
Fig. 17 is a block diagram of a measurement sys- 
tem for measuring a gain gradient due to stimulated 



Raman scattering in unidirectional transmission; 
Fig. 18 shows a spectrum of two-wavelength-band 
WDM light at point Y; 

Fig. 19 shows a spectrum of two-wavelength-band 
5 WDM light after transmission over 80 km through 

an SMF; 

Fig. 20 is a graph showing Raman gains in the case 

of unidirectional transmission; 

Fig. 21 is a block diagram of a measurement sys- 

w tern for measuring a gain gradient due to stimulated 
Raman scattering in bidirectional transmission; 
Fig. 22 is a graph showing Raman gains in the case 
of bidirectional transmission and Raman gains in 
the case of unidirectional transmission; and 

15 Fig. 23 is a block diagram of a three-wavelength- 
band WDM transmission system that relates to the 
invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
20 MENTS 

[0044] Embodiments of the invention will be 
described with reference to the accompanying draw- 
ings. In these Figures, the same constructions are des- 
25 ignated by the same reference numerals, and their 
repeated description may be omitted. 

[Embodiment 1] 

30 [0045] As shown in Fig. 1, a composite optical 
amplifying apparatus 1 is composed of a wavelength- 
demultiplexing section 8, a plurality of optical amplifying 
sections 5-1 to 5-n, a wavelength-multiplexing section 6, 
and a control section 7. 

35 [0046] Input light that has traveled through an opti- 
cal transmission line 11 is input to the wavelength- 
demultiplexing section 8. The wavelength-demultiplex- 
ing section 8 demultiplexes the input light into light 
beams in predetermined wavelength bands and outputs 

40 the demultiplexed light beams in a separated manner. 
[0047] The demultiplexed light beams in the respec- 
tive wavelength bands are input to the respective optical 
amplifying sections 5-1 to 5-n. Provided for the respec- 
tive wavelength bands of light beams to receive, the 

45 optical amplifying sections 5-1 to 5-n amplify the light 
beams in the respective wavelength bands. 
[0048] The control section 7 controls the optical 
amplifying sections 5-1 to 5-n so that the output of an 
optical amplifying section among the optical amplifying 

so sections 5-1 to 5-n that amplifies light in a shorter-wave- 
length band becomes larger than the output of an opti- 
cal amplifying section among the optical amplifying 
sections 5-1 to 5-n that amplifies light in a longer-wave- 
length band. 

55 [0049] Light beams in the respective wavelength 
bands that have been amplified by the respective optical 
amplifying sections 5-1 to 5-n are input to the wave- 
length-multiplexing section 6 and wavelength-multi- 
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plexed there. The wavelength-multiplexed light beams 
in the respective wavelengths are output to an optical 
transmission line 10 that is connected to the wave- 
length-multiplexing section 6. 

[0050] The optical transmission line 1 0 is not limited 
to an optical fiber and may be a space filled with a gas. 
[0051] Next, the operation principle and the advan- 
tageous effects of the first embodiment will be 
described. 

[0052] The factors of varying the optical power of 
light being transmitted through the optical transmission 
line 10 are the stimulated Raman scattering (SRS), the 
loss in the optical transmission line 10, the loss in the 
wavelength-demultiplexing section 8, and the loss in the 
wavelength-multiplexing section 6. Those factors 
depend on the wavelength. 

[0053] The reason why the loss in the wavelength- 
demultiplexing section 8 is taken into consideration is 
that the optical SNR of an optical signal that has been 
transmitted over a certain distance depends on the 
input power and the noise figure of each of the optical 
amplifying sections 5-1 to 5-n. Since the loss in the 
wavelength-demultiplexing section 8 and the loss in the 
wavelength-multiplexing section 6 exhibit the same 
characteristic, they will be dealt with as the loss in a 
wavelength-multiplexing/demultiplexing section. The 
dependence on the noise figure of the optical SNR of an 
optical signal that has been transmitted over a certain 
distance will be described later with reference to Fig. 
2E. 

[0054] Although the following description will be 
directed to a case of three wavelength bands to simplify 
the description, a case of an arbitrary number of wave- 
length bands can be explained in a similar manner. 
[0055] Fig. 2A shows light that is transmitted 
through the optical transmission line 10, for example, a 
three-wavelength-band WDM optical signal consisting 
of a WDM optical signal in a first wavelength band, a 
WDM optical signal in a second wavelength band, and a 
WDM optical signal in a third wavelength band. 
[0056] Fig. 2B shows an example of the loss due to 
the stimulated Raman scattering in the above wave- 
length bands. As seen from Figs. 2A and 2B, the stimu- 
lated Raman scattering causes part of the optical power 
of the first wavelength band to be transferred to the sec- 
ond and third wavelength bands and also causes part of 
the optical power of the second wavelength band to be 
transferred to the third wavelength band. As a result, the 
optical powers of the respective wavelength bands 
increase or decrease. 

[0057] Fig. 2C shows an example of the loss in the 
optical transmission line 10. As shown in Fig. 2C, the 
loss in the optical transmission line 10 depends on the 
wavelength of light transmitted. In general, optical trans- 
mission lines have a loss-wavelength characteristic that 
the loss has a minimum value at a particular wave- 
length. 

[0058] Fig. 2D shows an example of the loss in the 



wavelength-multiplexing/demultiplexing section. In par- 
ticular, an interference filter type optical multi/demulti- 
plexer such as a dielectric multilayer optical filter 
multiplexes light beams (or demultiplexes a light beam) 

5 on a wavelength band basis in a step-like manner. 
Therefore, light that is added (or separated) at the first 
stage passes through a different number of interference 
filters and hence is given a different loss than light that 
is added (or separated) at the last stage. 

10 [0059] Fig. 2E shows an example of the noise fig- 
ures (NF) of the optical amplifying sections 5-1 to 5-n. In 
the optical amplifying sections 5-1 to 5-n, the intensity of 
amplified spontaneous emission (ASE) depends on the 
wavelength. Therefore, the noise figure of each of the 

is optical amplifying sections 5-1 to 5-n also depends on 
the wavelength. The noise figure is a value obtained by 
dividing the input optical SNR by the output optical SNR 
in each of the optical amplifying sections 5-1 to 5-n and 
relates to the noise power. 

20 [0060] When the three-wavelength-band WDM opti- 
cal signal shown in Fig. 2A is transmitted, since the opti- 
cal transmission line 10 and the wavelength- 
multiplexing/demultiplexing section exhibit the wave- 
length-dependent losses shown in Figs. 2B-2D, the opti- 

25 cal powers of the respective wavelength bands of the 
three-wavelength-band WDM optical signal have devia- 
tions after the transmission. 

[0061] That is, referring to Fig. 1, the losses shown 
in Fig. 2D occur in the WDM optical signals in the first to 

30 third wavelength bands when they are wavelength- 
demultiplexed by the wavelength-demultiplexing section 
8 and when they are wavelength-multiplexed by the 
wavelength-multiplexing section 6 after being amplified 
by the respective optical amplifying sections 5-1 to 5-3. 

35 While being transmitted through the optical transmis- 
sion line 10 to point A, the losses shown in Figs. 2B and 
2C occur in the three-wavelength-band WDM optical 
signal. Because the losses depend on the wavelength, 
if the outputs of the optical amplifying sections 5-1 to 5- 

40 n are not adjusted, deviations occur between the optical 
powers of the respective wavelength bands at point A. 
Therefore, the SNRs vary from one wavelength band to 
another. 

[0062] In view of the above, the optical powers of 
45 the respective wavelength bands are pre-emphasized 
on a wavelength band basis by adjusting the outputs of 
the optical amplifying sections 5-1 to 5-3 before trans- 
mission of a three-wavelength-band WDM optical signal 
so as to compensate for deviations that will occur in the 
so optical powers of the respective wavelength bands. 
[0063] By performing inter-wavelength-band 
preemphasis in this manner, losses that occur during 
transmission through the optical transmission line 10 
can be compensated for and hence deviations between 
55 the optical powers of the respective wavelength bands 
after the transmission can be reduced or even be elimi- 
nated. Therefore, the optical SNR of the entire three- 
wavelength-band WDM optical signal can be increased. 
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[0064] Figs. 3A and 3B show first and second 
examples, respectively, of inter-wavelength-band 
preemphasis. 

[0065] Where the stimulated Raman scattering loss 
is so large that the loss in the optical transmission line 
1 0 and the loss in the wavelength-multiplexing/demulti- 
plexing section are negligible, the amounts of inter- 
wavelength-band preemphases can be calculated 
according to Equations (1) and (2). In this case, since 
the stimulated Raman scattering causes parts of the 
optical powers of shorter-wavelength bands to be trans- 
ferred to longer-wavelength bands, satisfactory results 
are obtained by setting the optical powers in such a 
manner that the optical power of the first wavelength 
band is largest, the optical power of the second wave- 
length band is intermediate, and the optical power of the 
third wavelength band is smallest. 
[0066] On the other hand, where the loss in the opti- 
cal transmission line 10 and the loss in the wavelength- 
multiplexing/demultiplexing section are not negligible, 
drawings corresponding to Figs. 2C and 2D are pro- 
duced by actually measuring the loss in the optical 
transmission line 1 0 and the loss in the wavelength-mul- 
tiplexing/demultiplexing section. The amounts of inter- 
wavelength-band preemphases can be calculated by 
using those drawings. In this case, the manner of 
preemphasis varies depending on the magnitude rela- 
tionship among the losses. The optical powers may be 
set in such a manner that the optical power decreases 
in order of the first wavelength band, the second wave- 
length band, and the third wavelength band as shown in 
Fig. 3A. Alternatively, the optical powers may be set in 
such a manner that the optical power decreases in 
order of the first wavelength band, the third wavelength 
band, and the second wavelength band as shown in Fig. 
3B. 

[0067] Where the noise powers in the optical ampli- 
fying sections 5-1 to 5-n have no differences or have 
negligible differences, inter-wavelength-band preem- 
phasis is performed in the above manner in considera- 
tion of the stimulated Raman scattering, the loss in the 
optical transmission line 10, and the loss in the wave- 
length-multiplexing/demultiplexing section. Since the 
composite optical amplifying apparatus 1 can almost 
equalize the optical powers of respective wavelength 
bands after transmission in this manner, the optical 
SNRs can be increased. 

[0068] On the other hand, where noise powers in 
the optical amplifying sections 5-1 to 5-n have non-neg- 
ligible differences, inter-wavelength-band preemphasis 
is performed in the following manner. Since noise pow- 
ers in the optical amplifying sections 5-1 to 5-n are 
transmitted as they are, the inter-wavelength-band 
preemphases are so adjusted as to equalize optical 
powers obtained by eliminating noise powers in the opti- 
cal amplifying sections 5-1 to 5-n for amplifying WDM 
optical signals in the respective wavelength bands from 
optical powers of the respective wavelength bands after 



transmission. In this manner, the optical SNRs can fur- 
ther be increased. The elimination of noise powers in 
the optical amplifying sections 5-1 to 5-n can be per- 
formed by subtracting the noise powers in the optical 
5 amplifying sections 5-1 to 5-n from optical powers of the 
respective wavelength bands by expressing the two 
kinds of powers in dB. 

[0069] The optical power of each wavelength band 
is larger when the number of channels in each wave- 

10 length band is larger or each wavelength band is wider. 
Therefore, the inter-wavelength-band preemphasis is 
performed in such a manner that the differences 
between the optical powers of shorter-wavelength 
bands and those of longer-wavelength bands are made 

15 larger when the number of channels in each wavelength 
band is larger or each wavelength band is wider. 
[0070] Where as described above the stimulated 
Raman scattering, the loss in the optical transmission 
line 10, and the loss in the wavelength-multiplex- 

20 ing/demultiplexing section can be measured in 
advance, satisfactory results are obtained by the control 
section 7's performing control according to the above 
principle. 

[0071] In the composite optical amplifying appara- 

25 tus 1 , the control section 7 controls in advance the out- 
puts of the respective optical amplifying sections 5-1 to 
5-n in consideration of optical power variations that will 
occur in the optical transmission line 10 from the com- 
posite optical amplifying section 1 to a point that is a 

30 predetermined distance away from the composite opti- 
cal amplifying section 1. Therefore, optical powers of 
the respective wavelength bands after transmission 
over the predetermined distance are made approxi- 
mately identical. Therefore, where input light beams are 

35 WDM optical signals, deterioration in optical SNR at the 
predetermined point can be reduced. If an optical 
receiving apparatus for receiving and processing WDM 
optical signals is provided at the predetermined point 
where the optical SNRs of the respective wavelength 

40 bands are made uniform, the performance of the entire 
optical transmission system having the composite opti- 
cal amplifying apparatus 1 and the optical receiving 
apparatus can be improved. 

[0072] In the first embodiment, it is preferable that 
45 as indicated by a broken line in Fig. 1 the composite 
optical amplifying apparatus 1 further has a pump 
source 9 for supplying optical power to input light that is 
connected to the wavelength demultiplexing section 8, 
and that the wavelength-demultiplexing section 8 inputs, 
so to the optical transmission line 11, light that is supplied 
from the pump source 9. In this case, the composite 
optical amplifying apparatus 1 can stimulated-Raman- 
amplify input light in the optical transmission line 1 1 with 
pump light of the pump source 9, making it possible to 
55 compensate for attenuation amounts that occur in the 
wavelength-demultiplexing section 8 in demultiplexing 
the input light. 

[0073] A description will now be made of a case 
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where input light is a two-wavelength-band WDM optical 
signal consisting of a WDM optical signal in a first wave- 
length band and a WDM optical signal in a second 
wavelength band that is longer in wavelength than the 
first wavelength band and the number of channels of a 
WDM optical signal is increased or decreased. 
[0074] Fig. 4 A shows a case where the number of 
channels in the first wavelength band is changed from m 
to m+k, and Fig. 4B shows a case where the number of 
channels in the first wavelength band is changed from m 
to m-k. 

[0075] Fig. 5A shows a case where the number of 
channels in the second wavelength band is changed 
from m to m+k, and Fig. 5B shows a case where the 
number of channels in the second wavelength band Is 
changed from m to m-k. 

[0076] In Figs. 4A and 4B and Figs. 5A and 5B, the 
vertical axis represents the optical power and the hori- 
zontal axis represents the wavelength. 
[0077] Control to be performed by the control sec- 
tion 7 when the number of channels of a WDM optical 
signal is increased or decreased will be described with 
reference to Figs. 4A and 4B and Figs. 5A and 5B. 
[0078] First, control to be performed when the 
number of channels in the first wavelength band is 
increased or decreased will be described. 
[0079] It is assumed that as shown in the left-hand 
parts of Figs. 4A and 4B an m-wave WDM optical signal 
is set in the first wavelength band, an L-wave WDM opti- 
cal signal is set in the second wavelength band, and the 
optical power of each channel is P0. 
[0080] When the number of channels in the first 
wavelength band is increased from m to m+k in this 
state, since the optical power of the first wavelength 
band increases, the following three kinds of control are 
available as control to be performed by the control sec- 
tion 7 as shown in the right-hand parts of Fig. 4A. 
[0081] In the first control, as shown in the top-right 
part of Fig. 4A, the optical power per channel of the first 
wavelength band is decreased from P0 and the optical 
power per channel of the second wavelength band is 
kept at P0. In the second control, as shown in the mid- 
dle-right part of Fig. 4A, the optical power per channel of 
the first wavelength band is kept at P0 and the optical 
power per channel of the second wavelength band is 
increased from P0. In the third control, as shown in the 
bottom-right part of Fig. 4 A, the optical power per chan- 
nel of the first wavelength band is decreased front P0 
and the optical power per channel of the second wave- 
length band is increased from P0. 
[0082] When the number of channels in the first 
wavelength band is decreased from m to m-k in the 
state as shown the left-hand parts of Fig.4B, since the 
optical power of the first wavelength band decreases, 
the following three kinds of control are available as con- 
trol to be performed by the controlling section 7 as 
shown in the right-hand parts of Fig. 4B. 
[0083] In the first control, as shown in the top-right 



part of Fig. 4B, the optical power per channel of the first 
wavelength band is increased from P0 and the optical 
power per channel of the second wavelength band is 
kept at P0. In the second control, as shown in the mid- 

5 die-right part of Fig. 4B, the optical power per channel of 
the first wavelength band is kept at P0 and the optical 
power per channel of the second wavelength band is 
decreased from P0. In the third control, as shown in the 
bottom-right part of Fig. 4B, the optical power per chan- 

10 nel of the first wavelength band is increased from P0 
and the optical power per channel of the second wave- 
length band is decreased from P0. 
[0084] Next, control to be performed when the 
number of channels in the second wavelength band is 

15 increased or decreased will be described. 

[0085] It is assumed that as shown in the left-hand 
parts of Figs. 5A and 5B an m-wave WDM optical signal 
is set in the first wavelength band, an L-wave WDM opti- 
cal signal is set in the second wavelength band, and the 

20 optical power of each channel is P0. 

[0086] When the number of channels in the second 
wavelength band is increased from L to L+h in this state, 
since the optical power of the second wavelength band 
increases, the following three kinds of control are avail- 

25 able as control to be performed by the controlling sec- 
tion 7 as shown in the right-hand parts of Fig. 5A. 
[0087] In the first control, as shown in the top-right 
part of Fig. 5A, the optical power per channel of the first 
wavelength band is increased from P0 and the optical 

30 power per channel of the second wavelength band is 
kept at P0. In the second control, as shown in the mid- 
dle-right part of Fig. 5A, the optical power per channel of 
the first wavelength band is kept at P0 and the optical 
power per channel of the second wavelength band is 

35 decreased from P0. In the third control, as shown in the 
bottom-right part of Fig. 5A, the optical power per chan- 
nel of the first wavelength band is increased from P0 
and the optical power per channel of the second wave- 
length band is decreased from P0. 

40 [0088] When the number of channels in the second 
wavelength band is decreased from L to L-h in the state 
as shown the left-hand parts of Fig.SB, since the optical 
power of the second wavelength band decreases, the 
following three kinds of control are available as control 

45 to be performed by the control section 7 as shown in the 
right-hand parts of Fig. 5B. 

[0089] In the first control, as shown in the top-right 
part of Fig. 5B, the optical power per channel of the first 
wavelength band is decreased from P0 and the optical 

so power per channel of the second wavelength band is 
kept at PO. In the second control, as shown in the mid- 
dle-right part of Fig. SB, the optical power per channel of 
the first wavelength band is kept at P0 and the optical 
power per channel of the second wavelength band is 

55 increased from P0. In the third control, as shown in the 
bottom-right part of Fig. 5B, the optical power per chan- 
nel of the first wavelength band is decreased from P0 
and the optical power per channel of the second wave- 



8 



15 



EP 1 076 434 A2 



16 



length band is increased from P0. 
[0090] As described above, three kinds of control 
are available for each of the cases of Figs. 4A and 4B 
and Figs. 5A and 5B. The control section 7 selects and 
performs one of the three kinds of control. 
[0091] In each of the above cases, the amount of 
increase or decrease from P0 of the optical power per 
channel is determined based on the number k or h of 
increased or decreased channels, the wavelengths of 
the first and second wavelength bands, the reference 
optical power P0, the transmission distance to a prede- 
termined point where the optical powers of the respec- 
tive wavelength bands are to be equalized, and other 
factors. 

[0092] As described above, when the number of 
channels of a WDM optical signal in the first wavelength 
band has been increased or decreased or the number 
of channels of a WDM optical signal in the second 
wavelength band has been increased or decreased, 
satisfactory results are obtained in such a manner that 
the control section 7 increases or decreases the output 
of the optical amplifying section 5-1 that amplifies the 
WDM optical signal in the first wavelength band or 
increases or decreases the output of the optical amplify- 
ing section 5-2 that amplifies the WDM optical signal in 
the second wavelength band so that the optical powers 
will become approximately identical when the WDM 
optical signals in the respective wavelength bands are 
transmitted to a predetermined point. With this control, 
deterioration in optical SNR at the predetermined point 
can be reduced. 

[Embodiment 2] 

[0093] As shown in Fig. 6, a composite optical 
amplifying apparatus 2 is composed of a plurality of 
optical amplifying sections 5-1 to 5-n, a wavelength- 
multiplexing section 6, and a control section 7. 
[0094] Input light in a first wavelength band is input 
to the optical amplifying section 5-1 for amplifying light 
in the first wavelength band. Input light in a second 
wavelength band is input to the optical amplifying sec- 
tion 5-2 for amplifying light in the second wavelength 
band. Similarly, input light in an n-th wavelength band is 
input to the optical amplifying section 5-n for amplifying 
light in the n-th wavelength band. In this manner, the 
optical amplifying sections 5-1 to 5-n are provided for 
the respective wavelength bands of the input light and 
amplify the respective input light to predetermined opti- 
cal powers under the control of the control section 7. 
The amplified light beams in the respective wavelength 
bands are input to the wavelength-multiplexing section 
6, where they are wavelength-multiplexed and then out- 
put to an optical transmission line 10 that is connected 
to the wavelength-multiplexing section 6. 
[0095] In the composite optical amplifying appara- 
tus 2 according to the second embodiment, even if input 
light in a plurality of wavelength bands are input to the 



composite optical amplifying apparatus 2, they are input 
to the optical amplifying sections 5-1 to 5-n for amplify- 
ing input light in the respective wavelength bands to pre- 
determined optical powers. Therefore, the optical 

5 powers of the light beams of the respective wavelength 
bands can be adjusted in a reliable manner. Therefore, 
even if input light in a plurality of wavelength bands are 
wavelength-multiplexed and then output from the com- 
posite optical amplifying apparatus 2, the optical powers 

10 of the light beams in the respective wavelength bands 
can be made approximately uniform at a predetermined 
point. 

[Embodiment 3] 

15 

[0096] As shown in Fig. 7, a wide-wavelength-band 
optical sending apparatus 3 is composed of a plurality of 
optical signal generating sections 13-1 to 13-n, a plural- 
ity of optical amplifying sections 5-1 to 5-n, a wave- 

20 length-multiplexing section 6, and a control section 7. 
[0097] The optical signal generating sections 13-1 
to 13-n are provided for respective wavelength bands 
and generate WDM optical signals in the respective 
wavelength bands. 

25 [0098] The generated WDM optical signals in the 
respective wavelength bands are amplified to predeter- 
mined power levels by the optical amplifying sections 5- 
1 to 5-n that are controlled by the control section 7. The 
amplified WDM optical signals are wavelength-multi- 

30 plexed by the wavelength-multiplexing section 6 and 
then output to an optical transmission line 10 as an n- 
wavelength-band WDM optical signal. 
[0099] That is, the wide-wavelength^band optical 
sending apparatus 3 according to the third embodiment 

35 is constructed by adding, to the composite optical ampli- 
fying apparatus 2 according to the second embodiment, 
the optical signal generating sections 13-1 to 13-n in 
such a manner that they correspond to the respective 
optical amplifying sections 5-1 to 5-n of the composite 

40 optical amplifying apparatus 2. 

[0100] The control section 7 performs one of the 
various kinds of control that were described in the first 
and second embodiments. 

[0101] Therefore, the operation principle and the 
45 advantageous effects of the wide-wavelength-band opti- 
cal sending apparatus 3 that relate to making optical 
powers of the respective wavelength bands at a prede- 
termined point approximately identical and the opera- 
tion principle and the advantageous effects of the wide- 
50 wavelength-band optical sending apparatus 3 that 
relate to adjusting optical powers of the respective 
wavelength bands at a predetermined point in consider- 
ation of the noise figures of the respective optical ampli- 
fying sections 5-1 to 5-n are the same as in the first and 
55 second embodiments and hence are not described 
here. 

[0102] In the first to third embodiments, the control 
section 7 may control the outputs of the respective opti- 
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cal amplifying sections 5-1 to 5-n so that when light 
beams in the respective wavelength bands amplified by 
the respective optical amplifying sections 5-1 to 5-n 
travel to a predetermined point, for example, point A, 
powers obtained by eliminating noise powers in the 5 
respective optical amplifying sections 5-1 to 5-n from 
optical powers of the respective wavelength bands at 
point A will become approximately identical. 
[0103] In the first to third embodiments, the control 
section 7 may control the outputs of the respective opti- 10 
cal amplifying sections 5-1 to 5-n so that when light 
beams in the respective wavelength bands amplified by 
the respective optical amplifying sections 5-1 to 5-n 
travel to a predetermined point, for example, point A, on 
the optical transmission line 10 that is a predetermined 15 
distance away from the composite optical amplifying 
apparatus 1 or 2 or the wide-wavelength-band optical 
sending apparatus 3, optical powers of the respective 
wavelength bands at point A will become approximately 
identical. 20 
[0104] In the first to third embodiments, the control 
amounts of the control section 7 may be determined 
based on at least one of the stimulated Raman scatter- 
ing in the optical transmission line 10, the loss in the 
optical transmission line 10, the loss in the wavelength 25 
demultiplexing section 8, and the loss in the wavelength 
multiplexing section 6. 

[0105] In the first to third embodiments, the control 
section 7 may have a detecting section for detecting 
optical powers of respective wavelength bands at a pre- 30 
determined point when light beams in the respective 
wavelength bands amplified by the respective optical 
amplifying sections 5-1 to 5-n travel to the predeter- 
mined point, and may adjust the outputs of the respec- 
tive optical amplifying sections 5-1 to 5-n based on 35 
outputs of the detecting section so that the optical pow- 
ers of respective wavelength bands at the predeter- 
mined point become approximately identical. 
[0106] In this case, the control section 7 actually 
detects optical powers of the respective wavelength 40 
bands at the predetermined point and feedback-con- 
trols the outputs of the respective optical amplifying sec- 
tions 5-1 to 5-n based on detection results. Therefore, 
the composite optical amplifying apparatuses 1 and 2 
and the wide-wavelength-band optical sending appara- 45 
tus 3 can reliably make the optical powers of the respec- 
tive wavelength bands at the predetermined point 
approximately identical. 

[0107] In the first to third embodiments, the control 
section 7 may have a detecting section for detecting so 
optical powers of respective wavelength bands at a pre- 
determined point when light beams in the respective 
wavelength bands amplified by the respective optical 
amplifying sections 5-1 to 5-n travel to the predeter- 
mined point, and may adjust the outputs of the respec- ss 
tive optical amplifying sections 5-1 to 5-n based on 
outputs of the detecting section so that powers obtained 
by eliminating noise powers in the respective optical 



amplifying sections 5-1 to 5-n from the optical powers of 
respective wavelength bands at the predetermined 
point become approximately identical. 
[0108] In this case, the control section 7 actually 
detects optical powers of the respective wavelength 
bands at the predetermined point and feedback-con- 
trols the outputs of the respective optical amplifying sec- 
tions 5-1 to 5-n based on detection results and noises in 
the respective optical amplifying sections 5-1 to 5-n. 
Therefore, the composite optical amplifying appara- 
tuses 1 and 2 and the wide-waveiength-band optical 
sending apparatus 3 can reliably make the optical pow- 
ers of the respective wavelength bands at the predeter- 
mined point approximately identical in consideration of 
noises in the respective optical amplifying sections 5-1 
to 5-n. 

[01 09] The above configuration is particularly effec- 
tive when the stimulated Raman scattering, the loss in 
the optical transmission line 10, and the loss in the 
wavelength-multiplexing section 6 are not the only fac- 
tors that vary the optical powers of the respective wave- 
length bands. 

[0110] Where the degree of stimulated Raman 
scattering, the loss in the optical transmission line 10, 
and the loss in the wavelength-multiplexing section 6 
can be measured in advance, target values of preem- 
phases to be provided for the respective wavelength 
bands based on the principle described above with ref- 
erence Figs. 2A-2E are calculated based on measure- 
ment values and the control section 7 stores calculation 
results. The control can be performed quickly if the con- 
trol section 7 refers to target values corresponding to 
outputs of the detecting section and feedback-controls 
the outputs of the respective optical amplifying sections 
5-1 to 5-n based on the target values. 
[0111] In the first to third embodiments, input light 
may be an n-wavelength-band WDM optical signal con- 
sisting of WDM optical signals in respective wavelength 
bands, and the control section 7 may have a detecting 
section for detecting optical power of the shortest-wave- 
length channel at a predetermined point, for example, 
point A, and may adjust the outputs of the respective 
optical amplifying sections 5-1 to 5-n based on an out- 
put of the detecting section so that optical powers of 
WDM optical signals in the respective wavelength 
bands at the predetermined point become approxi- 
mately identical. 

[01 1 2] This control section 7 actually detects optical 
power of the shortest-wavelength channel at the prede- 
termined point and feedback-controls the outputs of the 
respective optical amplifying sections 5-1 to 5-n based 
on a detection result. Since as indicated by Equation (1) 
the stimulated Raman scattering is the phenomenon 
that optical power of a shorter wavelength side is trans- 
ferred to a longer wavelength side, optical powers of the 
respective wavelength bands at the predetermined 
point can be calculated according to Equation (1) etc. 
based on the optical power of the shortest-wavelength 



10 



19 



EP 1 076 434 A2 



20 



channel. Therefore, the composite optical amplifying 
apparatuses 1 and 2 and the wide-wavelength-band 
optical sending apparatus 3 can reliably make the opti- 
cal powers of the respective wavelength bands at the 
predetermined point approximately identical. 5 
[0113] In the first to third embodiments, input light 
may be an n-wavelength-band WDM optical signal con- 
sisting of WDM optical signals in respective wavelength 
bands, and the control section 7 may have a detecting 
section for detecting optical power of the shortest-wave- 10 
length channel at a predetermined point, for example, 
point A, and may control the outputs of the respective 
optical amplifying sections 5-1 to 5-n based on an out- 
put of the detecting section so that powers obtained by 
eliminating noise powers in the respective optical ampli- 15 
fying sections 5-1 to 5-n from optical powers of WDM 
optical signals in the respective wavelength bands at 
the predetermined point become approximately identi- 
cal. 

[01 1 4] This control section 7 actually detects optical 20 
power of the shortest-wavelength channel at the prede- 
termined point and feedback-controls the outputs of the 
respective optical amplifying sections 5-1 to 5-n based 
on a detection result and noise powers in the respective 
optical amplifying sections 5-1 to 5-n. Therefore, the 25 
composite optical amplifying apparatuses 1 and 2 and 
the wide-wavelength-band optical sending apparatus 3 
can reliably make the optical powers of the respective 
wavelength bands at the predetermined point approxi- 
mately identical in consideration of noises in the respec- 30 
tive optical amplifying sections 5-1 to 5-n. 
[01 1 5] Although in the first to third embodiments the 
optical powers of the respective wavelength bands are 
adjusted while light beams in the respective wavelength 
bands are amplified, they may be adjusted while light 35 
beams in the respective wavelength bands are attenu- 
ated. In the latter case, an optical attenuator or the like 
can be used. 

[Embodiment 4] 40 

[0116] As shown in Fig. 8, an optical transmission 
system according to a fourth embodiment is comprised 
of an optical sending apparatus 4 that generates and 
sends optical signals, an optical transmission line 10, 45 
and an optical receiving apparatus 14 that receives and 
processing optical signals. 

[0117] The optical sending apparatus 4 is com- 
prised of a plurality of optical signal generating sections 
15-1 to 15-n, a plurality of optical amplifying sections 5- so 
1 to 5-n, a control section 7, and a wavelength-multi- 
plexing section 6. 

[0118] The optical signal generating sections 15-1 
to 15-n are provided for respective wavelength bands. 
The optical signal generating sections 1 5-1 to 1 5-n gen- 55 
erate WDM optical signals in the respective wavelength 
bands. Each WDM optical signal is an optical signal 
obtained by wavelength-multiplexing optical signals 



whose optical powers have been adjusted based on 
detection results of each of spectrum detecting sections 
17-1 to 17-n. 

[01 19] The optical amplifying sections 5-1 to 5-n are 
connected to the respective optical signal generating 
sections 15-1 to 15-n and amplify WDM signals gener- 
ated by the respective optical signal generating sections 
15-1 to 15-n. 

[0120] The control section 7 controls the outputs of 
the respective optical amplifying sections 5-1 to 5-n so 
that when the WDM optical signals in the respective 
wavelength bands amplified by the respective optical 
amplifying sections 5-1 to 5-n are transmitted to a pre- 
determined point, optical powers of the WDM optical 
signals in the respective wavelength bands at the pre- 
determined point will become approximately identical. 
[0121] The wavelength-multiplexing section 6 wave- 
length-multiplexes the amplified WDM optical signals in 
the respective wavelength bands. 
[0122] The optical transmission line 10 is con- 
nected to the optical sending apparatus 4 and transmits 
the wide-wavelength-band WDM optical signal to the 
optical receiving apparatus 14. 

[0123] The optical receiving apparatus 14 is com- 
prised of a wavelength-demultiplexing section 18, a plu- 
rality of spectrum detecting sections 17-1 to 17-n, and a 
plurality of optical receiving sections 19-1 to 19-n. The 
spectrum detecting sections 17-1 to 17-n detect spectra 
of the WDM optical signals and outputs detection 
results to the optical sending apparatus 4. 
[0124] Where the transmission distance is so long 
that the power levels of wide-wavelength-band WDM 
optical signals that are detected by the optical receiving 
apparatus 14 are low, optical amplifying apparatuses for 
amplifying a wide-wavelength-band WDM optical signal, 
for example, the above-described composite optical 
amplifying apparatuses 1 , may be provided on the opti- 
cal transmission line 10. In particular, where the com- 
posite optical amplifying apparatuses 1 are provided, by 
installing the next repeater station or the optical receiv- 
ing apparatus 14 at the above-mentioned predeter- 
mined point, the optical powers of the respective 
wavelength bands of the wide-wavelength-band WDM 
optical signals at each repeater station or the optical 
receiving apparatus 14 can be made approximately 
identical. Therefore, deterioration in the optical SNR of 
the wide-wavelength-band WDM optical signal that is 
received by each repeater station or the optical receiv- 
ing apparatus 14 is reduced and hence ultra-long dis- 
tance transmission is enabled. 

[0125] Next, the operation principle and the advan- 
tageous effects of the fourth embodiment will be 
described. 

[0126] Fig. 9A schematically shows the optical 
transmission system according to the fourth embodi- 
ment. Fig. 9B shows spectra at respective points on the 
optical transmission line 10, the points being the output 
end of the optical sending apparatus 4, the input end of 



11 



21 



EP 1 076 434 A2 



22 



a composite optical amplifying apparatus 1A that is the 
first repeater station, the output end of the composite 
optical amplifying apparatus 1A, and the input end of 
the optical receiving apparatus 14 that are arranged in 
order from the left in Fig. 9A. Fig. 9C, which is prepared 5 
to show the advantageous effects of the optical trans- 
mission system according to the fourth embodiment, 
shows spectra at the same points as in Fig. 9B that are 
obtained when inter-wavelength-band preemphasis is 
performed but in-wavelength-band preemphasis is not 10 
performed by the optical sending apparatus 4. In Figs. 
9B and 9C, the vertical axis represents the optical 
power and the horizontal axis represents the wave- 
length. 

[0127] Although to simplify the description the fol- is 
lowing description will be directed to a case of a two- 
wavelength-band WDM optical signal consisting of a 
WDM optical signal in a first wavelength band and a 
WDM optical signal in a second wavelength band, a 
case of an n-wavelength-band WDM optical signal 20 
formed by wavelength-multiplexing WDM optical signals 
in n respective wavelength bands can be explained in a 
similar manner. 

[0128] Referring to Fig. 8 and 9A-9C, a WDM opti- 
cal signal in the first wavelength band is subjected, in 25 
the optical sending apparatus 4, to in-wavelength-band 
preemphasis that adjusts the optical powers of respec- 
tive optical signals. Similarly, a WDM optical signal in 
the second wavelength band is subjected to inner-wave- 
length band preemphasis in the optical sending appara- 30 
tus 4. 

[0129] In an optical transmission system having an 
optical amplifier, noise due to ASE is necessarily super- 
imposed on an optical signal. Since the ASE depends 
on the wavelength, in a WDM optical signal produced by 35 
wavelength-multiplexing a plurality of optical signals 
having different wavelengths the levels of noises that 
are superimposed on the respective optical signals are 
different from each other. Therefore, the optical signals 
of the WDM optical signal have different optical SNRs. 40 
Since an optical receiving apparatus receives and proc- 
esses the optical signals having different optical SNRs, 
it is forced to receive and process the optical signals in 
such a manner as to adjust itself to an optical signal 
having the smallest optical SNR. Such optical SNR 45 
deviations can be compensated for if the optical sending 
apparatus 4 adjusts the optical powers of the respective 
optical signals so as to make the optical power of an 
optical signal having the smallest optical SNR largest to 
thereby eliminate the optical SNR deviations between 50 
the optical signals. In particular, if the optical sending 
apparatus 4 adjusts the optical powers of the respective 
optical signals so that when received by the optical 
receiving apparatus 14 the optical signals will have opti- 
cal SNRs that are equal to the largest optical SNR, the 55 
optical receiving apparatus 14 can receive optical sig- 
nals having optical SNRs that are approximately equal 
to each other and equal to the largest optical SNR. 



[01 30] As for the inner-wavelength band preempha- 
sis, satisfactory results are obtained if the optical send- 
ing apparatus 4 adjusts the optical powers of the 
respective optical signals in the above-described man- 
ner based on detection results of the spectrum detect- 
ing sections 17-1 and 17-2 of the optical receiving 
apparatus 14. 

[0131] After performing the in-wavelength-band 
preemphasis on each WDM optical signal, the optical 
sending apparatus 4 causes the optical amplifying sec- 
tions 5-1 and 5-2, which are gain-controlled by the con- 
trol section 7, to perform inter-wavelength-band 
preemphasis. 

[0132] Since the inter-wavelength-band preempha- 
sis is the same as described above with reference to 
Figs. 2A-2E and 3A-3B, it is not described here. Adjust- 
ments of the inter-wavelength-band preemphasis may 
be made by using either the sum or the average (see 
Fig. 9B) of the optical powers of the optical signals of 
each WDM optical signal. 

[0133] After being subjected to the inner-wave- 
length band preemphasis and the inter-wavelength- 
band preemphasis, the first wavelength band WDM 
optical signal and the second wavelength band WDM 
optical signal are wavelength-multiplexed by the wave- 
length-multiplexing section 6 and output from the optical 
sending apparatus 4 to the optical transmission line 10 
in the form of a two-wavelength-band WDM optical sig- 
nal as shown in the leftmost part of Fig. 9B. 
[0134] At the input end of the composite optical 
amplifying apparatus 1A, the optical powers of the 
WDM optical signals of the two-wavelength-band WDM 
optical signal are varied by the stimulated Raman scat- 
tering and the loss in the optical transmission line 10 
and other factors. However, since the inter-wavelength- 
band preemphasis was performed, the optical power of 
the first wavelength band WDM optical signal is approx- 
imately equal to that of the second wavelength band 
WDM optical signal as shown in the second part (from 
the left) of Fig. 9B. Therefore, the optical SNRs of the 
respective optical signals are made larger than in the 
case where the inter-wavelength-band preemphasis is 
not performed. 

[0135] As shown in the third part (from the left) of 
Fig. 9B, the two-wavelength-band WDM optical signal is 
subjected to inter-wavelength-band preemphasis and 
amplification In the composite optical amplifying section 
1 A and then output to the optical transmission line 1 0 at 
the output end of the composite optical amplifying appa- 
ratus 1A. 

[0136] At the input end of the optical receiving 
apparatus 14, the two-wavelength-band WDM optical 
signal that was subjected to the inter-wavelength-band 
preemphasis and amplification sequentially in the com- 
posite optical amplifying sections 1 is input to the optical 
receiving apparatus 14. Since the optical signals of the 
incident two-wavelength-band WDM optical signal were 
subjected to the in-wavelength-band preemphasis, 
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deterioration in optical SNR due to ASEs generated by 
the optical amplifiers in the optical sending apparatus 4, 
the composite optical amplifying sections 1, and the 
optical receiving section 14 can be reduced as shown in 
the rightmost part of Fig. 9B. Further, since the inter- 
wavelength-band preemphasis was also performed, 
deterioration in optical SNR due to deviations between 
the wavelength bands caused by the stimulated Raman 
scattering etc. can also be reduced. 
[0137] In general, where the wavelength character- 
istics of the gains and the noise figures of the respective 
optical amplifiers are uniform, the transmission intervals 
of the optical transmission line 10 are constant, and the 
optical SNRs of the respective channels are made uni- 
form on the receiving side by the in-wavelength-band 
preemphasis, the gradients of the optical powers are 
made such that the directions of the gradients are oppo- 
site to those in the sending side and the amplitudes of 
the gradients are approximately equal to those in the 
sending side. 

[0138] On the other hand, where the optical send- 
ing apparatus 4 performs inter-wavelength-band preem- 
phasis but does not perform inner-wavelength band 
preemphasis, at the output end of the optical sending 
apparatus 4 the optical powers of the respective optical 
signals of the WDM optical signal in each wavelength 
band are identical as shown in the leftmost part of Fig. 
9C. 

[0139] Such a two-wavelength-band WDM optical 
signal is transmitted after being subjected to inter-wave- 
length-band preemphasis in the composite optical 
amplifying apparatuses 1 as shown in the second and 
third parts (from the left) of Fig. 9C, at the input end of 
the optical receiving apparatus 14 deterioration's in opti- 
cal SNR due to deviations between the wavelength 
bands are reduced but deterioration in optical SNR 
within each wavelength band remains as shown in the 
rightmost part of Fig. 9C. 

[0140] In conclusion, the optical transmission sys- 
tem according to the fourth embodiment can further 
increase the distance of ultra-long distance transmis- 
sion. 

[Embodiment 5] 

[0141] An optical transmission system according to 
a fifth embodiment is such that a three-wavelength- 
band WDM optical signal sending apparatus generates 
a three-wavelength-band WDM optical signal, compos- 
ite optical amplifying apparatuses relay the three-wave- 
length-band WDM optical signal plural times, and a 
three-wavelength-band WDM optical signal receiving 
apparatus receives and processes the three-wave- 
length-band WDM optical signal. The three-wavelength- 
band WDM optical signal consists of a WDM optical sig- 
nal having s channels that is set in the S + band, a WDM 
optical signal having t channels that is set in the C band, 
and a WDM optical signal having u channels that is set 



in the L band. 

[0142] First, the entire configuration of the optical 
transmission system according to the fifth embodiment 
will be described. 

5 [0143] As shown in Fig. 10, s optical senders (OSs) 
20-1 to 20-s generate optical signals corresponding to 
channel-1 to channel-s of the S + band, respectively. For 
example, each of the optical senders 20-1 to 20-s can 
be comprised of a semiconductor laser for emitting laser 

w having a wavelength that is assigned to the associated 
channel, an MZ modulator for modulating the laser 
beam with information to be sent out, and a control cir- 
cuit for driving and controlling the semiconductor laser 
and the MZ modulator. The semiconductor laser can be 

15 any of various semiconductor lasers such as a distrib- 
uted feedback laser and a distributed Bragg reflection 
laser. 

[0144] The optical signals generated by the respec- 
tive optical senders 20-1 to 20-s are input to a WDM 

20 coupler (WDMCPL) 21-1. The WDM coupler 21-1 con- 
verts the optical signals into a WDM optical signal by 
wavelength-multiplexing those. In this manner, a WDM 
optical signal is generated in which a plurality of optical 
signals having different wavelengths are wavelength- 

25 multiplexed. And an optical sending section that has the 
optical senders 20-1 to 20-s and the WDM coupler 21-1 
and generates an S + -band WDM optical signal is 
formed. The WDM optical signal that is output from the 
WDM coupler 21-1 is input to a TDFA 22 and amplified 

30 there. For example, the WDM coupler 21-1 is an AWG 
or a dielectric multilayer optical filter that is an interfer- 
ence filter type optical multi/demultiplexer. 
[0145] The TDFA 22 controls the optical power of 
the S + -band WDM optical signal while its output is con- 

35 trolled by a monitoring/control circuit 28(MCC). The 
optical-power-controlled S + -band WDM optical signal is 
input to a WDM coupler 25. 

[0146] An optical-power-controlled C-band WDM 
optical signal is generated in a similar manner by t opti- 
40 cal senders 20-S+1 to 20-s+t, a WDM coupler 21-2, and 
an EDFA 23. 

[0147] An optical-power-controlled L-band WDM 
optical signal is generated in a similar manner by u opti- 
cal senders 20-s+t+1 to 20-s+t+u, a WDM coupler 21-3, 

45 and a GS-EDFA 24. 

[0148] As described above with reference to Fig. 
2D, the WDM coupler 25 have different insertion losses 
for the respective wavelength bands. Therefore, to 
increase optical SNRs, where the TDFA 22, the EDFA 

so 23, and the GS-EDFA 24 have different noise figures, it 
is preferable that a WDM optical signal amplified by a 
rare-earth-element-doped fiber amplifier having the 
worst noise figure be input to the WDM coupler 25 in a 
wavelength band of the smallest insertion loss. 

55 [0149] The configurations of the TDFA 22, the 
EDFA 23, and the GS-EDFA 24 are approximately the 
same as in a composite optical amplifying apparatus 
shown in Fig. 1 1 , they will be described in describing the 
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composite optical amplifying apparatus. 
[0150] The numbers s, t, and u may each be any 
number. The maximum value of s is determined by the 
gain-wavelength characteristic of the TDFA 22 that per- 
forms amplification in this wavelength band and the s 
space between channels. The maximum value of t is 
determined by the gain-wavelength characteristic of the 
EDFA 23 that performs amplification in this wavelength 
band and the space between channels. The maximum 
value of u is determined by the gain-wavelength charac- 10 
teristic of the GS-EDFA 24 that performs amplification in 
this wavelength band and the space between channels. 
[0151] The S + -band WDM optical signal, the C- 
band WDM optical signal, and the L-band WDM optical 
signal are input to the WDM coupler 25, where they are is 
wavelength-multiplexed into a three-wavelength-band 
WDM optical signal. The three-wavelength-band WDM 
optical signal is output to an optical fiber 48-1 as an opti- 
cal transmission line and transmitted through it to the 
next-stage repeater. 20 
[0152] The optical fiber 48-1 is connected to a 
WDM coupler 31A in the next-stage repeater. The 
three-wavelength-band WDM optical signal that has 
been transmitted through the optical fiber 48-1 is input 
to the WDM coupler 31 A, where it is wavelength-demul- 25 
tiplexed into WDM optical signals in the respective 
bands. 

[0153] The demultiplexed S + -band WDM optical 
signal is input to a coupler 37-1 for branching light into 
two parts at an optical power ratio of 10:1 , for example. 30 
The branched WDM signal having the smaller optical 
power is input to an optical power meter (OPM) 36-1 for 
measuring optical power, where the optical power of the 
S + -band WDM optical signal is measured. A measure- 
ment result is sent to the monitoring/control circuit 28 at 35 
the preceding stage. On the other hand, the branched 
WDM optical signal having the larger optical power is 
input to a TDFA 32A. 

[0154] The power of the demultiplexed C-band 
WDM optical signal is measured by a block that is simi- 40 
lar to the above and is composed of a coupler 37-2, an 
optical power meter 36-2 and an EDFA 33A. A meas- 
urement result is sent to the monitoring/control circuit 
28 at the preceding stage. The branched WDM optical 
signal having the larger optical power is input to an 45 
EDFA 33A. 

[0155] The power of the demultiplexed L-band 
WDM optical signal is measured by a block that is simi- 
lar to the above and is composed of a coupler 37-3, an 
optical power meter 36-3 and a GS-EDFA 34A. A meas- so 
urement result is sent to the monitoring/control circuit 
28 at the preceding stage. The branched WDM optical 
signal having the larger optical power is input to a GS- 
EDFA 34A. 

[0156] The monitoring/control circuit 28 receives ss 
the outputs of the optical power meters 36-1 to 36-3. 
The monitoring/control circuit 28 calculates the differ- 
ences between the optical powers of the respective 



bands and adjusts the outputs of the TDFA 22, the 
EDFA 23, and the GS-EDFA 24 that perform amplifica- 
tion in the respective bands so as to eliminate the differ- 
ences. 

[0157] On the other hand, the S + -band WDM opti- 
cal signal having the larger optical power is amplified by 
the TDFA 32A and input to a WDM coupler 35A. The 
TDFA 32A controls the optical power of the S + -band 
WDM optical signal while its output is controlled by a 
monitoring/control circuit 38A. 

[0158] The C-band WDM optical signal having the 
larger optical power is amplified by the EDFA 33A 
whose output is controlled by the monitoring/control cir- 
cuit 38A, and is then input to the WDM coupler 35A. 
[0159] The L-band WDM optical signal having the 
larger optical power is amplified by the GS-EDFA 34A 
whose output is controlled by the monitoring/control cir- 
cuit 38A, and is then input to the WDM coupler 35A. 
[0160] The WDM optical signals in the respective 
bands are wavelength-multiplexed by the WDM coupler 
35A and thereby returned to a three-wavelength-band 
WDM optical signal. The three-wavelength-band WDM 
optical signal is input to an optical fiber 48-2 and trans- 
mitted through it to the next-stage repeater. 
[0161] The three-wavelength-band WDM optical 
signal that has been transmitted through the optical 
fiber 48-2 is input to a WDM coupler 31 B in the next- 
stage repeater, where it is wavelength-demultiplexed 
into WDM optical signals in the respective bands. 
[0162] The demultiplexed S + -band WDM optical 
signal is input to a coupler 37A-1 for branching light into 
two parts at an optical power ratio of 10:1, for example. 
The branched WDM signal having the smaller optical 
power is input to an optical power meter 36A-1 for 
measuring optical power, where the optical power of the 
S + -band WDM optical signal is measured. A measure- 
ment result is sent to the monitoring/control circuit 38A 
at the preceding stage. On the other hand, the branched 
WDM optical signal having the larger optical power is 
input to a TDFA 32B. 

[0163] The power of the demultiplexed C-band 
WDM optical signal is measured by a block that is simi- 
lar to the above and is composed of a coupler 37A-2, an 
optical power meter 36A-2 and an EDFA 33B. A meas- 
urement result is sent to the monitoring/control circuit 
38A at the preceding stage. The branched WDM optical 
signal having the larger optical power is input to an 
EDFA 33B. 

[0164] The power of the demultiplexed L-band 
WDM optical signal is measured by a block that is simi- 
lar to the above and is composed of a coupler 37A-3, an 
optical power meter 36A-3 and a GS-EDFA 34B. A 
measurement result is sent to the monitoring/control cir- 
cuit 38A at the preceding stage. The branched WDM 
optical signal having the larger optical power is input to 
a GS-EDFA 34B. 

[0165] The monitoring/control circuit 38A receives 
the outputs of the optical power meters 36A-1 to 36A-3. 
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The monitoring/control circuit 38A calculates the differ- 
ences between the optical powers of the respective 
bands and adjusts the outputs of the TDFA 32A, the 
ED FA 33A, and the GS-EDFA 34A that perform amplifi- 
cation in the respective bands so as to eliminate the dif- 5 
ferences. 

[0166] On the other hand, the S + -band WDM opti- 
cal signal having the larger optical power is amplified by 
the TDFA 32B and input to a WDM coupler 35B. The 
TDFA 32B controls the optical power of the S + -band 10 
WDM optical signal while its output is controlled by a 
monitoring/control circuit 38B. 

[0167] The C-band WDM optical signal having the 
larger optical power is amplified by the EDFA 33B 
whose output is controlled by the monitoring/control cir- 15 
cuit 38B, and is then input to the WDM coupler 35B. 
[0168] The L-band WDM optical signal having the 
larger optical power is amplified by the GS-EDFA 34B 
whose output is controlled by the monitoring/control cir- 
cuit 38B, and is then input to the WDM coupler 35B. 20 
[0169] The WDM optical signals in the respective 
bands are wavelength-multiplexed by the WDM coupler 
35B and thereby returned to a three-wavelength-band 
WDM optical signal. The three-wavelength-band WDM 
optical signal is input to an optical fiber 48-3 and trans- 25 
mitted through it to the next-stage repeater. 
[0170] Subsequently, in similar manners, the three- 
wavelength-band WDM optical signal is demultiplexed 
into WDM optical signals in the respective bands, sub- 
jected to optical power amplification and control, and 30 
wavelength-multiplexed . The three-wavelength-band 
WDM optical signal is relayed plural times in this man- 
ner. 

[01 71 ] As described above, the optical power ampli- 
fication and control on WDM optical signals in the 35 
respective bands are performed by the TDFA 32, the 
EDFA 33, and the GS-EDFA 34. The outputs of the 
TDFA 32, the EDFA 33, and the GS-EDFA 34 are con- 
trolled based on the outputs of the optical power meters 
36-1 to 36-3 in the next-stage composite optical ampli- 40 
tying apparatus, respectively. 

[0172] A three-wavelength-band WDM optical sig- 
nal that is output from the final-stage composite optical 
amplifying apparatus is input to a WDM coupler 41, 
where it is demultiplexed into WDM optical signals in the 45 
respective bands. 

[0173] The demultiplexed S + -band WDM optical 
signal is input to a coupler 37Z-1 for branching light into 
two parts at an optical power ratio of 10:1 , for example. 
The branched WDM signal having the smaller optical so 
power is input to an optical power meter 362-1 for 
measuring optical power, where the optical power of the 
S + -band WDM optical signal is measured. A measure- 
ment result is sent to the monitoring/control circuit 38Z 
at the preceding stage. On the other hand, the branched 55 
WDM optical signal having the larger optical power is 
input to a WDM coupler 45-1 . 

[0174] The power of the demultiplexed C-band 



WDM optical signal is measured by a block that is simi- 
lar to the above and is composed of a coupler 37Z-2, an 
optical power meter 36Z-2 and a WDM coupler 45-2. A 
measurement result is sent to the monitoring/control cir- 
cuit 38Z at the preceding stage. The branched WDM 
optical signal having the larger optical power is input to 
the WDM coupler 45-2. 

[0175] The power of the demultiplexed L-band 
WDM optical signal is measured by a block that is simi- 
lar to the above and is composed of a coupler 37Z-3, an 
optical power meter 36Z-3 and a WDM coupler 45-3. A 
measurement result is sent to the monitoring/control cir- 
cuit 38Z at the preceding stage. The branched WDM 
optical signal having the larger optical power is input to 
the WDM coupler 45-3. 

[0176] The S + -band WDM optical signal is wave- 
length-demultiplexed by the WDM coupler 45-1 into 
optical signals of channel-1 to channel-s. The wave- 
length-demultiplexed optical signals of the respective 
channels are input to respective optical receivers (ORs) 
46-1 to 46-s, where they are received and processed. 
[0177] Similarly, the C-band optical signal is wave- 
length-demultiplexed by the WDM coupler 45-2 into 
optical signals of channel-1 to channel-t. The wave- 
length-demultiplexed optical signals of the respective 
channels are input to respective optical receivers 46- 
s+1 to 46-s+t, where they are received and processed. 
The L-band optical signal is wavelength-demultiplexed 
by the WDM coupler 45-3 into optical signals of chan- 
nel-1 to channel-u. The wavelength-demultiplexed opti- 
cal signals of the respective channels are input to 
respective optical receivers 46-s+t+1 to 46-s+t+u, 
where they are received and processed. 
[0178] Next, the configuration of each composite 
optical amplifying apparatus in the optical transmission 
system according to the fifth embodiment will be 
described. 

[0179] As shown in Fig. 11, a three-wavelength- 
band WDM optical signal is transmitted through the opti- 
cal fiber 48 and thereby input from the pre-stage com- 
posite optical amplifying apparatus to the WDM coupler 
31. The three-wavelength-band WDM optical signal is 
wavelength-demultiplexed by the WDM coupler 31 into 
WDM optical signals in the respective bands. The 
demultiplexed S + -band WDM optical signal is input to 
the coupler 37-1 in the TDFA 32. The demultiplexed C- 
band WDM optical signal is input to the coupler 37-2 in 
the EDFA 33. The demultiplexed L-band WDM optical 
signal is input to the coupler 37-3 in the GS-EDFA 34. 
[0180] The configurations of the TDFA 32, the 
EDFA 33, and the GS-EDFA 34 are identical except that 
they are different from each other in the rare-earth-ele- 
ment-doped optical fiber as the medium for amplifying 
light and the pump source for pumping it. Therefore, 
basically the configuration of only the TDFA 32 will be 
described below. The configurations of the EDFA 33 
and the GS-EDFA 34 will be described only in different 
points than in the TDFA 32. 
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[0181] The TDFA 32 will be described below. 
[0182] A WDM optical signal having the smaller 
optical power separated by the coupler 37-1 is input to a 
photodiode (hereinafter abbreviated as PD) 54, where it 
is subjected to photoelectric conversion. A resulting cur- 5 
rent value corresponds to the optical power of the S + - 
band WDM optical signal. The PD 54 outputs the cur- 
rent to an operation unit (OPU) 58 and an analog-to-dig- 
ital converter (hereinafter abbreviated as A/D) 73. The 
A/D 73 converts the input from an analog value to a dig- w 
ital value and outputs the digital conversion result to the 
monitoring/control circuit 38. The monitoring/control cir- 
cuit 38 converts the received digital value into an optical 
signal having information corresponding to the digital 
value, and sends the optical signal to the monitor- 15 
ing/control circuit in the pre-stage repeater via a control 
line. 

[0183] On the other hand, a WDM optical signal 
having the larger optical power separated by the coupler 
37-1 is input to a thulium-doped fiber (hereinafter abbre- 20 
viated as TDF) 52. 

[01 84] When the TDF 52 absorbs laser beam that is 
emitted from an LD 55, electrons in the TDF 52 are 
excited and population inversion of electrons is pro- 
duced. If a WDM optical signal is input to the TDF 52 in 25 
a state that population inversion exists, the WDM optical 
signal is amplified through stimulated emission. In the 
LD 55, first a semiconductor laser is laser-oscillated by 
supplying a drive current to it from an LD driving circuit 
56. A solid-state laser is then oscillated by using laser 30 
beam that is emitted from the semiconductor laser, 
whereby laser beam for pumping the TDF 52 is emitted 
from the LD 55. 

[0185] The WDM optical signal amplified by the 
TDF 52 is input to a coupler 53 for branching light into 35 
two parts at an optical power ratio of 10:1, for example. 
The WDM optical signal having the smaller optical 
power that has been separated by the coupler 53 is 
input to a PD 57, where it is subjected to photoelectric 
conversion. The PD 57 outputs a resulting current to the 40 
operation unit 58. 

[0186] The operation unit 58 converts the currents 
that are input from the PDs 54 and 57 into voltages by 
using resistors (not shown in Fig. 11), respectively. The 
operation unit 58 compares the voltages corresponding 45 
to the respective PDs 54 and 57 and supplies an output 
corresponding to the difference between the two volt- 
ages to the LD driving circuit 56. The LD driving circuit 
56 judges the gain of the WDM optical signal being 
amplified by the TDF 52 based on the output of the so 
operation unit 56, and adjusts the drive current for the 
LD 55 so that the gain becomes a predetermined value. 
The predetermined value can be changed by adjusting 
the ratio between the resistance values of the resistors 
that convert currents that are received from the PDs 54 ss 
and 57 into voltages. 

[0187] The coupler 37-1 and PD 54 have two func- 
tions. The first function is detecting the optical power of 



a WDM optical signal that is input to the TDF 52, to 
make the gain of the TDF 52 constant. The second 
function is a function of detecting the optical power of a 
WDM optical signal that has been transmitted to this 
repeater, to send information of the optical power to the 
monitoring/control circuit in the pre-stage repeater. The 
PD 54 and the A/D 73 correspond to the optical power 
meter 36-1 shown in Fig. 10. 

[0188] On the other hand, the WDM optical signal 
having the larger optical power that has been separated 
by the coupler 53 is input to a variable optical attenuator 
(hereinafter abbreviated as VAT) 59. The VAT 59 atten- 
uates the optical power of input light and outputs atten- 
uated light. The amount of the attenuation by VAT 59 
may be variable. The amount of attenuation is controlled 
by a VAT driving circuit 70. 

[0189] The WDM optical signal that is output from 
the VAT 59 is input to a dispersion compensator (here- 
inafter abbreviated as DC) 60 that compensates for 
chromatic dispersion. The DC 60 may be a dispersion 
compensation fiber, a dispersion compensation grating, 
or the like. The DC 60 compensates for chromatic dis- 
persion that occurs in the optical fiber between the pre- 
stage repeater and the repeater concerned and chro- 
matic dispersion that occurs in the optical fiber between 
the repeater concerned and the next-stage repeater. 
That is, chromatic dispersion that occurs in the optical 
fiber between adjacent repeaters is compensated for by 
both repeaters rather than only one of those. 
[0190] The WDM optical signal that is output from 
the DC 60 is input to a TDF 62. Like the TDF 52, the 
TDF 62 amplifies the WDM optical signal by absorbing 
laser beam that is emitted from an LD 65 that is supplied 
with a drive current from an LD driving circuit 66. 
[0191] The WDM optical signal amplified by the 
TDF 62 is input to a coupler that branches light into four 
parts. 

[0192] A first WDM optical signal separated by the 
coupler 63 is input to a PD 64 via a fiber grating filter 
(hereinafter abbreviated as EBG) 76 that is a band-pass 
filter. The PD 64 performs photoelectric conversion on 
the first WDM optical signal. The central wavelength 
(central frequency) of the pass-band of the FBG 76 is so 
set that that the FBG 76 passes only light of channel-s 
of the S + -band WDM optical signal, that is, light of the 
longest-wavelength channel in the S + band. Therefore, 
a current value obtained by the PD 64 through photoe- 
lectric conversion corresponds to the optical power of 
the longest-wavelength channel in the S + band. The PD 
64 outputs the current to an operation unit 68> 
[0193] A second WDM optical signal separated by 
the coupler 63 is input via an EBG 77 to a PD 67, where 
it is subjected to photoelectric conversion. The central 
wavelength of the pass-band of the FBG 77 is so set 
that that the FBG 77 passes only light of channel-1 of 
the S + -band WDM optical signal, that is, light of the 
shortest-wavelength channel in the S + band. Therefore, 
a current value obtained by the PD 67 through photoe- 
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lectric conversion corresponds to the optical power of 
the shortest-wavelength channel in the S + band. The 
PD 67 outputs the current to the operation unit 68. 
[0194] A third WDM optical signal separated by the 
coupler 63 is input to a PD 61, where it is subjected to 5 
photoelectric conversion. A current value obtained by 
the PD 61 through photoelectric conversion corre- 
sponds to the optical power of the S + -band WDM optical 
signal as amplified by the TDFA 32. The PD 61 supplies 
the current to an operation unit 71 . 10 
[0195] A fourth WDM optical signal separated by 
the coupler 63 is input to a WDM coupler 35. Since the 
fourth WDM signal becomes an optical signal to be 
transmitted to the next-stage repeater, setting should be 
so made that the optical power of the fourth WDM opti- 15 
cal signal is larger than the optical powers of the first to 
third WDM optical signals. 

[0196] The operation unit 68 converts the currents 
that are supplied from the PDs 64 and 67 into voltages 
by using resistors (not shown in Fig, 11). The operation 20 
unit 68 compares the voltages corresponding to the 
respective PDs 64 and 67 and supplies an output corre- 
sponding to the difference between the two voltages to 
the LD driving circuit 66. The LD driving circuit 66 
judges a gain gradient of the WDM optical signal being 25 
amplified by the TDF 62 based on the output of the 
operation unit 68. The operation unit 68 compensates 
for the gain-wavelength characteristic of the TDF 62 by 
adjusting, based on a judgment result, the drive current 
for the LD 66 so as to eliminate the gain gradient. 30 
[0197] The monitoring/control circuit 38 receives, 
from the monitoring/control circuit of the next-stage 
repeater, signals indicating optical powers of the 
respective bands of the three-wavelength-band WDM 
optical signal that was transmitted from the repeater 35 
concerned. 

[0198] Based on the received signals, the monitor- 
ing/control section 38 calculates the differences 
between the optical powers of the respective bands 
after transmission. By referring to a correlation table 40 
between the sending optical power and the reception 
optical power that is stored in a ROM 51 in the monitor- 
ing/control circuit 38, the monitoring/control circuit 38 
calculates, based on the differences, a target value of 
the optical power of the S + -band WDM optical signal. 45 
[0199] The correlation table is a table formed in 
advance for each band by determining, through theoret- 
ical calculation or actual measurement, a relationship 
between the optical power of a WDM optical signal to be 
output from the repeater concerned and the optical so 
power of a WDM optical signal to be input to the next- 
stage repeater based on the stimulated Raman scatter- 
ing in the optical fiber existing between the repeater 
concerned and the next-stage repeater, the loss in the 
optical fiber, and the losses in the WDM coupler 35 in 55 
the repeater concerned and the WDM coupler 31 in the 
next-stage repeater. 

[0200] The monitoring/control circuit 38 converts 



the target value into a control value of the VAT driving 
circuit 70 based on a relationship between the target 
value and the control value of the VAT driving circuit 70 
that is stored in a ROM 74. The monitoring/control cir- 
cuit 38 outputs the resulting control value to a digital-to- 
analog converter (hereinafter abbreviated as D/A) 72. 
The D/A converts the control value from a digital value 
to an analog value and outputs the resulting analog con- 
trol value to the operation unit 71. 
[0201] The operation unit 71 compares the outputs 
of the D/A 72 and the PD 61 and supplies an output cor- 
responding to the difference to the VAT driving circuit 
70. Based on the output of the operation unit 71, the 
VAT driving circuit 70 adjusts the attenuation amount of 
the VAT 59. As a result, the optical power of the S + -band 
WDM optical signal that is output from the repeater con- 
cerned is adjusted to a control value. 
[0202] The configuration of the EDFA 33 is the 
same as that of the TDFA 32 except that the TDF 52 is 
replaced by an erbium-doped fiber and the LD 55 is 
replaced by a semiconductor laser. Various settings of 
the dispersion compensation fiber 60 and the operation 
units 58, 68, and 71 and the contents of the ROM 74 are 
adjusted so as to be suitable for handling of a C-band 
WDM optical signal. 

[0203] The configuration of the GS-EDFA 34 is the 
same as that of the TDFA 32 except that the TDA 52 is 
replaced by a long, erbium-doped fiber and the LD 55 is 
replaced by a semiconductor laser. Various settings of 
the dispersion compensation fiber 60 and the operation 
units 58, 68, and 71 and the contents of the ROM 74 are 
adjusted so as to be suitable for handling of an L-band 
WDM optical signal. 

[0204] The EDFA 33 that performs amplification in a 
1,550-nm wavelength band is different from the GS- 
EDFA 34 that performs amplification in a 1,580-nm 
wavelength band in the length of the erbium-doped 
fiber. Although erbium-doped fibers inherently have the 
1,550-nm wavelength band and the 1,580-nm wave- 
length band as amplification bands, the amplification 
factor in the 1,580-nm wavelength band is smaller than 
that in the 1,550-nm wavelength band. Therefore, to 
realize optical amplification in the 1 ,580-nm wavelength 
band in approximately the same degree as in the 1 ,550- 
nm wavelength band, it is necessary to make the fiber 
length of the fiber amplifier in the 1 ,580-nm wavelength 
band about 10 times that of the fiber amplifier in the 
1,550-nm wavelength band. 

[0205] The configuration of each composite optical 
amplifying apparatus has been described above in 
detail with reference to Fig. 1 1 . The configuration of the 
three-wavelength-band WDM optical signal sending 
apparatus shown in Fig. 1 0 is similar to that of each 
composite optical amplifying apparatus. 
[0206] As for the corresponding relationship 
between the two apparatuses, the S + -band WDM opti- 
cal signal that is output from the WDM coupler 21-1 cor- 
responds to that output from the WDM coupler 31, the 
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C-band WDM optical signal that is output from the WDM 
coupler 21-2 corresponds to that output from the WDM 
coupler 31, and the L-band WDM optical signal that is 
output from the WDM coupler 21-3 corresponds to that 
output from the WDM coupler 31. The TDFA 22 corre- 5 
sponds to the TDFA 32, the ED FA 23 corresponds to the 
EDFA 33, and the GS-EDFA 24 corresponds to the GS- 
EDFA 34. The WDM coupler 25 corresponds to the 
WDM coupler 35, couplers 27-1 to 27-3 correspond to 
the couplers 37-1 to 37-3, and optical power meters 26- 10 

I to 26-3 correspond to the optical power meters 36-1 to 
36-3. 

[0207] In the following description, when a compo- 
nent of the three-wavelength-band WDM optical signal 
sending apparatus is referred to with reference to Fig. is 

I I under the above corresponding relationship, a suffix 
"os" will be added to the reference symbol of the com- 
ponent. For example, the VAT in the TDFA 22 will be 
referred to as "VAT 59os." TDF 52os" will mean the 
TDF in the TDFA 22 and "TDF 52" will mean the TDF in 20 
the TDFA 32. 

[0208] Next, the operation principle and the advan- 
tageous effects of the composite optical amplifying 
apparatus according to the fifth embodiment will be 
described. 25 
[0209] A three-wavelength-band WDM optical sig- 
nal that has been transmitted from the pre-stage 
repeater is demultiplexed into WDM optical signals in 
the respective bands by the WDM coupler 31 . Since the 
operation principle and the advantageous effects are 30 
the same for the WDM optical signals in the respective 
bands, they will be described below for the S + -band 
WDM optical signal. 

[0210] The demultiplexed S + -band WDM optical 
signal is amplified by the TDF 52 at a predetermined 35 
gain. Optical powers of the S + -band WDM optical signal 
before and after the amplification by the TDF 52 are 
detected by the respective PDs 54 and 57. Since the 
optical power of pump light for the TDF 52 is adjusted by 
the operation unit 58's controlling the LD driving circuit 40 
56 based on detection results, the gain of the TDF 52 is 
kept approximately constant. Since the gain of the TDF 
52 depends on the optical power of the pump light, the 
gain of the TDF 52 can be kept constantly at a predeter- 
mined value by adjusting the optical power of the pump as 
light for the TDF 52. 

[021 1] The power of the S + -band WDM optical sig- 
nal that has been amplified at the predetermined gain is 
attenuated by the VAT 59. 

[0212] At this time, the operation unit 71 adjusts the so 
attenuation amount of the VAT 59 so as to eliminate the 
difference between the outputs of the PD 61 and the 
D/A 72. The output of the PD 61 corresponds to the opti- 
cal power of the S + -band WDM optical signal that is 
actually output from the repeater concerned to the next- ss 
stage repeater. The output of the D/A 72 is a control 
value that is used to equalize the optical powers of the 
respective bands in the next-stage repeater as well as a 



control value for the optical power of an S + -band WDM 
optical signal to be output from the repeater concerned 
to the next-stage repeater. Since the attenuation 
amount of the VAT 59 is adjusted in the above manner, 
the optical powers of the respective bands can be made 
approximately identical in the next-stage repeater. 
[0213] The S + -band WDM optical signal that is out- 
put from the VAT 59 is dispersion-compensated by the 
DC 60 and then subjected to adjustment of a gain gradi- 
ent in the S + band in the TDF 62. At this time, a gain gra- 
dient of the S + -band WDM optical signal that is output 
from the TDF 62 is detected by the respective PDs 64 
and 67. Since the optical power of pump light for the 
TDF 62 is adjusted by the operation unit 68's controlling 
the LD driving circuit 66 based on detection results, the 
monitoring/control circuit 38 can almost eliminate the 
gain gradient in the S + band. Since the gain-wavelength 
characteristic of the TDF 62 depends on the optical 
power of the pump light, the gain gradient can be almost 
eliminated by adjusting the optical power of the pump 
light for the TDF 62. 

[0214] The reason whey the TDFs 52 and 62 are 
provided in cascade is that both of the gain and the gain 
gradient cannot be controlled by a single TDF because 
both of the gain and the gain-wavelength characteristic 
depend on the optical power of the pump light. 
[0215] As described above, in the optical transmis- 
sion system according to the fifth embodiment, the gain 
gradient in each wavelength band can almost be elimi- 
nated in each repeater interval by the two-step configu- 
ration of rare-earth-element-doped fibers in each of the 
TDFA 32, the EDFA 33, and the GS-EDFA 34. Further, 
in the optical transmission system according to the fifth 
embodiment, since preemphases are provided for the 
respective bands by means of the respective VATs in 
the TDFA 32, the EDFA 33, and the GS-EDFA 34, the 
gain gradients between the three wavelength bands can 
almost be eliminated in the next-stage repeater. 
[0216] Next, the operation principle and the advan- 
tageous effects of the three-wavelength-band WDM 
optical signal sending apparatus in the optical transmis- 
sion system according to the fifth embodiment will be 
described. Since the operation principle and, the advan- 
tageous effects are the same for the WDM optical sig- 
nals in the respective bands that are output from the 
WDM couplers 21, they will be described below for the 
S + -band WDM optical signal. 

[0217] The S + -band WDM optical signal that is out- 
putted from the WDM coupler 21-1 is amplified by the 
TDF 52os at a prescribed gain. Optical powers of the 
S + -band WDM optical signal before and after the ampli- 
fication by the TDF 52os are detected by the respective 
PDs 54os and 57os. Since the optical power of pump 
light for the TDF 52os is adjusted by the operation unit 
58os's controlling the LD driving circuit 56os based on 
detection results, the gain of the TDF 52os is kept 
approximately constant. 

[0218] The power of the S + -band WDM optical sig- 



18 



35 



EP 1 076 434 A2 



36 



nal that has been amplified at the prescribed gain is 
attenuated by the VAT 59os. 

[0219] At this time, the operation unit 71 os adjusts 
the attenuation amount of the VAT 59os so as to elimi- 
nate the difference between the outputs of the PD 61 os 5 
and the D/A 72os. The output of the PD 61 os corre- 
sponds to the optical power of the S + -band WDM optical 
signal that is actually output from the three-wavelength- 
band WDM optical signal sending apparatus concerned 
to the first-stage repeater. The output of the D/A 72os is 10 
a control value that is used to equalize the optical pow- 
ers of the respective bands in the first-stage repeater as 
well as a control value for the optical power of an S + - 
band WDM optical signal to be output from the three- 
wavelength-band WDM optical signal sending appara- 15 
tus concerned to the first-stage repeater. Since the 
attenuation amount of the VAT 59os is adjusted in the 
above manner, the optical powers of the respective 
bands can be made approximately identical in the next- 
stage repeater. 20 
[0220] The S + -band WDM optical signal that is out- 
put from the VAT 59os is dispersion-compensated by 
the DC 60os and then subjected to adjustment of a gain 
gradient in the S + band in the TDF 62os. At this time, a 
gain gradient of the S + -band WDM optical signal that is 25 
output from the TDF 62os is detected by the respective 
PDs 64os and 67os. Since the optical power of pump 
light for the TDF 62os is adjusted by the operation unit 
68os's controlling the LD driving circuit 660s based on 
detection results, the monitoring/control circuit 28 can 30 
almost eliminate the gain gradient in the S + band. Since 
the gain-wavelength characteristic of the TDF 62os 
depends on the optical power of the pump light, the gain 
gradient can be almost eliminated by adjusting the opti- 
cal power of the pump light for the TDF 62os. 35 
[0221] As described above, in the optica! transmis- 
sion system according to the fifth embodiment, the gain 
gradient in each wavelength band can almost be elimi- 
nated in the interval of the three-wavelength-band WDM 
optical signal sending apparatus and the first repeater 40 
by the two-step configuration of rare-earth-element- 
doped fibers in each of the TDFA 22, the EDFA 23, and 
the GS-EDFA 24. Further, in the optical transmission 
system according to the fifth embodiment, since preem- 
phases are provided for the respective bands by means 45 
of the respective VATS in the TDFA 22, the EDFA 23, 
and the GS-EDFA 24, the gain gradients between the 
three wavelength bands can almost be eliminated. 
[0222] Since the gain gradients between the three 
wavelength bands can almost be eliminated in each so 
repeater, the optical SNRs of received WDM optical sig- 
nals in the respective bands are made uniform and 
hence the performance of the entire optical transmis- 
sion system can be improved. 

[0223] In the above configuration, the monitor- 55 
ing/control circuit 28 or 38 adjusts the outputs of the 
TDFA 22 or 23, the EDFA 23 or 33, and the GS-EDFA 
24 or 34 in consideration of the stimulated Raman scat- 



tering, the loss in the optical fiber 48, and the loss in the 
WDM coupler 25 or 35. As indicated by a broken line in 
Fig. 1 1 , another configuration is possible in which the 
composite optical amplifying apparatus or the three- 
wavelength-band WDM signal sending apparatus is 
additionally provided with a ROM 75 that stores data 
relating to noise figures and the monitoring/control cir- 
cuit 28 or 38 adjusts the outputs while referring to the 
data stored in the 

[0224] ROM 75. In this case, the data relating to 
noise figures are noise figure-wavelength characteris- 
tics for each optical power value of laser beam emitted 
from the LD 55 or 65 as the pump source for each of the 
TDFA 22 or 32, the EDFA 23 or 33, and the GS-EDFA 
24 or 34. 

[0225] The monitoring/control circuit 38 corrects, 
based on the noise figure-wavelength characteristics 
that are stored in the ROM 75, a target value that was 
calculated by referring to the correspondence table 
between the sending optical power and the reception 
optical power that is stored in the ROM 51 . The monitor- 
ing/control circuit 38 outputs a corrected target value to 
the ROM 74. 

[0226] In the above configuration, the monitor- 
ing/control circuit 38 adjusts the optical powers of WDM 
optical signals in the respective wavelength bands to be 
transmitted from the repeater concerned by comparing 
the optical powers of WDM optical signals in the respec- 
tive wavelength bands to be transmitted from the 
repeater concerned and the optical powers of WDM 
optical signals in the respective wavelength bands in the 
next-stage repeater. Another configuration is possible in 
which another EBG whose central frequency of the 
pass-band is so set that only light of the shortest-wave- 
length channel in the band is passed is provided 
between the coupler 37 and PD 54 and an output of PD 
54, rather than the PD 61, is supplied to the operation 
unit 71. This makes it possible to reduce the number of 
parts and thereby simplify the circuit. The ROM 75 may 
further be provided in this case. 

[Embodiment 6] 

[0227] A sixth embodiment is directed to an optical 
transmission system. 

[0228] This optical transmission system is such that 
a two-wavelength-band WDM optical signal sending 
apparatus generates a two-wavelength-band WDM 
optical signal, composite optical amplifying apparatuses 
relay the two-wavelength-band WDM optical signal plu- 
ral times, and a WDM optical signal receiving apparatus 
receives and processes the two-wavelength-band WDM 
optical signal. The two-wavelength-band WDM optical 
signal consists of a WDM optical signal having t chan- 
nels that is set in the C band and a WDM optical signal 
having u channels that is set in the L band. 
[0229] As shown in Fig. 1 2, t optical senders 80-1 to 
80-t generate optical signals corresponding to channel- 
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1 to channel-t of the C band, respectively. For example, 
each of the optical senders 20-1 to 20-t can be com- 
posed of a semiconductor laser for emitting laser beam 
having a wavelength that is assigned to the associated 
channel, an MZ modulator for modulating the laser 
beam with information to be sent out, and a control sec- 
tion for driving and controlling the semiconductor laser 
and the MZ modulator. Each of the optical senders 80-1 
to 80-t is controlled, as to whether to generate an optical 
signal, through a control signal that is supplied from a 
monitoring/control circuit 82. 

[0230] The optical signals generated by the respec- 
tive optical senders 80-1 to 80-t are wavelength-multi- 
plexed by a WDM coupler 21-2 into a WDM optical 
signal, which is input to an ED FA 23. 
[0231] The output of the ED FA 23 is controlled by 
the monitoring/control circuit 82, whereby the optical 
power of the C-band WDM optical signal is controlled. 
The optical-power-controlled C-band WDM optical sig- 
nal is input to a WDM coupler 25. 
[0232] An L-band WDM optical signal is generated 
by a block that is similar to the above and is composed 
of u optical senders 80-t+1 to 80-t+u, a WDM coupler 
21-3, and a GS-EDFA 24. The generated L-band WDM 
optical signal is input to the WDM coupler 25. 
[0233] The C-band WDM optical signal and the L- 
band WDM optical signal are wavelength-multiplexed by 
the WDM coupler 25 into a two-wavelength-band WDM 
optical signal, which is input to an optical fiber 48-1 as 
an optical transmission line and transmitted through it to 
the next-stage repeater. 

[0234] After being transmitted through the optical 
fiber 48-1 , the two-wavelength-band WDM optical signal 
is input to a WDM coupler 84A in the next-stage 
repeater, where it is wavelength-demultiplexed into 
WDM optical signals in the respective bands. The WDM 
optical signals in the respective bands are input to cou- 
plers 27-2 and 27-3. 

[0235] A pump source 86A is comprised of an LD 
for emitting laser beam, a driving circuit for supplying a 
drive current to the LD, and a control circuit for keeping 
the wavelength and the optical power of the laser beam 
at predetermined values by controlling the driving cir- 
cuit. Laser beam emitted from the pump source 86A is 
input to the optical fiber 48-1 via the WDM coupler 84A. 
The predetermined wavelength is a wavelength at 
which a C-band WDM optical signal and an L-band 
WDM optical signal can be amplified in the optical fiber 
48-1 by stimulated Raman scattering. The predeter- 
mined optical power is optical power with which losses 
of a C-band WDM optical signal and an L-band WDM 
optical signal in the WDM coupler 84A can be compen- 
sated for by stimulated Raman scattering in the optical 
fiber 48-1. 

[0236] Where the loss in the WDM coupler 84A is 
compensated for by amplification through stimulated 
Raman scattering, it is necessary to take into consider- 
ation that the amplification through stimulated Raman 



scattering and the loss in the WDM coupler 84A have 
wavelength dependence as shown in Figs. 2B and 2D. 
[0237] The C-band WDM optical signal is branched 
by a coupler 27-2 into two parts, which are input to an 

5 optical power meter 26-2 and an ED FA 33A. Similarly, 
the L-band WDM optical signal is branched by a coupler 
27-3 into two parts, which are input to an optical power 
meter 26-3 and a GS-EDFA 34A. The monitoring/con- 
trol circuit 85A sends, to the pre-stage monitoring/con- 

10 trol circuit 82, a result of measurement of the optical 
power of the C-band WDM optical signal by the optical 
power meter 26-2 and a result of measurement of the 
optical power of the L-band WDM optical signal by the 
optical power meter 26-3. 

15 [0238] The monitoring/control circuit 82 receives 
the outputs of the optical power meters 26-2 and 26-3, 
calculates the difference between the optical powers of 
the respective bands, and adjusts the outputs of the 
EDFA 23 and the GS-EDFA 24 so that the difference will 

20 be eliminated. 

[0239] On the other hand, the C-band WDM optical 
signal that is input to the EDFA 33A is amplified by the 
EDFA 33A and input to a WDM coupler 35A. The output 
of the EDFA 33A is controlled by the monitoring/control 

25 circuit 85A, whereby the optical power of the C-band 
WDM optical signal is controlled. 
[0240] The L-band WDM optical signal that is input 
to the GS-EDFA 34A is amplified by the EDFA 34A 
whose output is controlled by the monitoring/control cir- 

30 cuit 85A. The amplified L-band WDM optical signal is 
input to the WDM coupler 35A. 

[0241] The WDM optical signals of the respective 
bands are wavelength-multiplexed by the WDM coupler 
35A and thereby returned to a two-wavelength-band 

35 WDM optical signal. The two-wavelength-band WDM 
optical signal is input to an optical fiber 48-2 and trans- 
mitted to the next-stage repeater through it. 
[0242] After being transmitted through the optical 
fiber 48-2, the two-wavelength-band WDM optical signal 

40 is input to a WDM coupler 84B in the next-stage 
repeater, where it is wavelength-demultiplexed into 
WDM optical signals in the respective bands. The WDM 
optical signals in the respective bands are input to 
respective couplers 37A-2 and 37A-3. 

45 [0243] A pump source 86B has the same configura- 
tion as the pump source 86 A. Laser beam emitted from 
the pump source 86B is input to the optical fiber 48-2 via 
the WDM coupler 84B. 

[0244] The C-band WDM optical signal is branched 
so by a coupler 37A-2 into two parts, which are input to an 
optical power meter 36A-2 and an EDFA 33B. Similarly, 
the L-band WDM optical signal is branched by a coupler 
37A-3 into two parts, which are input to an optical power 
meter 36A-3 and a GS-EDFA 34B. The monitoring/con- 
55 trol circuit 85B sends, to the pre-stage monitoring/con- 
trol circuit 85A, a result of measurement of the optical 
power of the C-band WDM optical signal by the optical 
power meter 36A-2 and a resuft of measurement of the 
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optical power of the L-band WDM optical signal by the 
optical power meter 36A-3. 

[0245] The monitoring/control circuit 85A receives 
the outputs of the optical power meters 36A-2 and 36A- 
3, calculates the difference between the optical powers 5 
of the respective bands, and adjusts the outputs of the 
ED FA 33A and the GS-EDFA 34A so that the difference 
will be eliminated. 

[0246] On the other hand, the C-band WDM optical 
signal that is input to the EDFA 33B is amplified by the 10 
EDFA 33B and input to a WDM coupler 35B. The output 
of the EDFA 33B is controlled by the monitoring/control 
circuit 85B, whereby the optical power of the C-band 
WDM optical signal is controlled. 

[0247] The L-band WDM optical signal that is input 15 
to the GS-EDFA 34B is amplified by the EDFA 34B 
whose output is controlled by the monitoring/control cir- 
cuit 85B. The amplified L-band WDM optical signal is 
input to the WDM coupler 35B. 

[0248] The WDM optical signals of the respective 20 
bands are wavelength-multiplexed by the WDM coupler 
35B and thereby returned to a two-wavelength-band 
WDM optical signal. The two-wavelength-band WDM 
optical signal is input to an optical fiber 48-3 and trans- 
mitted to the next-stage repeater through it. 25 
[0249] Subsequently, in similar manners, the two- 
wavelength-band WDM optical signal is demultiplexed 
into WDM optical signals in the respective bands, sub- 
jected to optical power amplification and control, and 
wavelength-multiplexed. The three-wavelength-band so 
WDM optical signal is relayed plural times in this man- 
ner. As described above, the optical power amplification 
and control on WDM optical signals in the respective 
bands are performed by the EDFA 33 and the GS-EDFA 
34. 35 
[0250] A two-wavelength-band WDM optical signal 
that is output from the final-stage composite optical 
amplifying apparatus is input to a WDM coupler 41, 
where it is demultiplexed into WDM optical signals in the 
respective bands. The WDM optical signals in the 40 
respective bands are input to respective couplers 362-2 
and 36Z-3. 

[0251] The C-band WDM optical signal is branched 
by the coupler 37Z-2 into two parts, which are input to 
an optical power meter 36Z-2 and an EDFA 43. A result 45 
of measurement of the optical power of the C-band 
WDM optical signal by the optical power meter 36Z-2 is 
sent to the pre-stage monitoring/control circuit 85Z. 
Similarly, the L-band WDM optical signal is branched by 
the coupler 37Z-3 into two parts, which are input to an so 
optical power meter 36Z-3 and a GS-EDFA 44. A result 
of measurement of the optical power of the L-band 
WDM optical signal by the optical power meter 36Z-3 is 
sent to the pre-stage monitoring/control circuit 85Z. 
[0252] The C-band WDM optical signal amplified by 55 
the EDFA 43 is input to a WDM coupler 45-2, where it is 
wavelength-demultiplexed into optical signals of chan- 
nel-1 to ehannel-t. The wavelength-demultiplexed opti- 



cal signals of the respective channels are input to 
respective optical receivers 87-1 to 87-t, where they are 
received and processed. 

[0253] Similarly, the L-band WDM optical signal 
amplified by the GS-EDFA 44 is wavelength-demulti- 
plexed by a WDM coupler 45-3 into optical signals of 
channel-1 to channel-u, which are input to respective 
optical receivers 87-t+1 to 87-t+u , where they are 
received and processed. 

[0254] Since the EDFAs 23 and 33 and the GS- 
EDFAs 24 and 34 are the same as in the fifth embodi- 
ment except for the contents of the ROM 51 os and 51 
and the manners of control of the monitoring/control cir- 
cuits 82 and 85, they are not described here. 
[0255] The contents of each of the ROMs 51 os and 
51 are a decrease amount of optical power per channel 
of a C-band WDM optical signal that should be used to 
make the optical powers of the two respective bands 
approximately identical in the next-stage repeater when 
the number of channels of a C-band WDM optical signal 
has increased by k(0<k^t-1 ) and an increase amount 
of optical power per channel of a C-band WDM optical 
signal that should be used to make the optical powers of 
the two respective bands approximately identical in the 
next-stage repeater when the number of channels of a 
C-band WDM optical signal has increased by 
k(0<k<t-1). 

[0256] Increase and decrease amounts are deter- 
mined in advance for each k value through theoretical 
calculation or actual measurement in consideration of 
the stimulated Raman scattering in the optical fiber 
between the repeater concerned and the next-stage 
repeater, the loss in the optical fiber, the losses in the 
WDM coupler 35 in the repeater concerned and the 
WDM coupler 84 in the next-stage repeater. 
[0257] Optical power increase and decrease 
amounts per channel of an L-band WDM optical signal 
for k = 0 (i.e., the number of channel is not changed) are 
the same as in the correspondence table between the 
sending optical power and the reception optical power in 
the fifth embodiment. 

[0258] Next, the operation principle and the advan- 
tageous effects of the sixth embodiment will be 
described. Since the control of the gain gradient in each 
wavelength band and the control of the gain gradients 
between each wavelength band that are performed after 
the number of channels of the C-band has been 
increased or decreased are the same as in the fifth 
embodiment, they are not described here. 
[0259] To set the number of channels of the C band 
to m (1 < m < t) in the above optical transmission sys- 
tem, the monitoring/control circuit 82 assigns the m 
channels to optical senders 80-1 to 80-m and causes 
the optical senders 80-1 to 80-m to generate optical sig- 
nals. 

[0260] The generated optical signals are wave- 
length-multiplexed by the WDM coupler 21-2 and a 
resulting C-band WDM optical signal is amplified by the 
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EDFA 23. The amplified C-band WDM optica! signal 
consisting of m waves is wavelength-multiplexed by the 
WDM coupler 25 with an L-band WDM optical signal 
consisting of u waves into a two-wavelength-band WDM 
optical signal, which is transmitted through the optical 
fiber 48-1. 

[0261] In this case, in the optical fiber 48-1 , the two- 
wavelength-band WDM optical signal is subjected to 
stimulated Raman scattering that involves pump light 
that is emitted from the pump source 86A, whereby the 
loss in the WDM coupler 84A is compensated for. Since 
the pump light of the pump source 86A amplifies the 
WDM optical signals in both bands, it does not serve to 
equalize the optical powers of the respective bands 
after the transmission through the optical fiber 48-1 . 
[0262] To increase the number of channels of the C- 
band by, for example, three, the monitoring/control cir- 
cuit 82 newly assigns three channels to optical senders 
80-m+1 to 80-m+3 and causes the optical senders 80- 
m+1 to 80-m+3 to generate optical signals. 
[0263] The generated optical signals are wave- 
length-multiplexed by the WDM coupler 21-2 and ampli- 
fied by the EDFA 23. 

[0264] At this time, the monitoring/control circuit 82 
adjusts the output of the EDFA 23 by referring to a 
decrease amount (stored in the ROM 51 os) of optical 
power per channel of a C-band WDM optical signal that 
should be used when the number of channels of a C- 
band optical signal has been increased by three 
(0^k<t-1) . That is, whereas before the increase in the 
number of channels the optical power of the first wave- 
length band was controlled by referring to the corre- 
spondence table between the sending optical power 
and the reception optical power by using P0 (see Fig. 
4A) as a reference, after the addition of three channels 
it is controlled by using, as a reference, a new optical 
power value that is smaller than P0 by the decrease 
amount. 

[0265] After being amplified, the C-band WDM opti- 
cal signal consisting of m+3 waves is wavelength-multi- 
plexed by the WDM coupler 25 with an L-band WDM 
optical signal consisting of u waves into a two-wave- 
length-band WDM optical signal, which is transmitted 
through the optical fiber 48-1 . 

[0266] On the other hand, to decrease the number 
of channels, in the same manner as in the above case, 
the monitoring/control circuit 82 sets a new reference by 
referring to an increase amount (stored in the ROM 
51 os) of optical power per channel that should be used 
when the number of channel has been decreased. 
[0267] With the above control, in the optical trans- 
mission system according to the sixth embodiment, 
preemphases are provided for the respective bands 
quickly in response to increase or decrease in the 
number of channels and hence gain gradients between 
the two wavelength bands can almost be eliminated. 
[0268] Further, in the optical transmission system 
according to the sixth embodiment, since gain gradients 



between the two wavelength bands are almost elimi- 
nated in each repeater, the optical SNRs of received 
WDM optical signals in the respective bands are made 
uniform and hence the performance of the entire optical 
5 transmission system can be improved. 

[Embodiment 7) 

[0269] A seventh embodiment is directed to an opti- 

10 cal transmission system. 

[0270] This optical transmission system is such that 
a two-wavelength-band WDM optical signal sending 
apparatus generates a two-wavelength-band WDM 
optical signal, composite optical amplifying apparatuses 

15 relay the two-wavelength-band WDM optical signal plu- 
ral times, and a WDM optical signal receiving apparatus 
receives and processes the two-wavelength-band WDM 
optical signal. The two-wavelength-band WDM optical 
signal sending apparatus performs inner-wavelength- 

20 band preemphasis and inter-wavelength-band preem- 
phasis on WDM optical signals. Each composite optical 
amplifying apparatus performs inter-wavelength-band 
preemphasis while performing optical amplification. The 
two-wavelength-band WDM optical signal consists of a 

25 WDM optical signal having t channels that are set in the 
C band and a WDM optical signal having u channels 
that are set in the L band. 

[0271] As shown in Fig. 1 3, t optical senders 20-S+1 
to 20-s+t generate optical signals corresponding to 
30 channel-1 to channel-t of the C band, respectively. The 
generated optical signals are input to respective VATS 
90-1 to 90-t. 

[0272] The VATS 90-1 to 90-t attenuate the optical 
powers of input light beams and output attenuated light 
35 beams. The attenuation amounts are variable. The 
attenuation amounts are controlled by VAT driving cir- 
cuits 91-1 to 91 -t, setting of which is performed by a VAT 
control circuit 94. 

[0273] Since the optical powers of respective opti- 
40 cal signals in the C band are adjusted by the respective 
VATS 90-1 to 90-t, inner-wavelength band preemphasis 
can be performed. 

[0274] The optical signals that are output from the 
respective VATS 90-1 to 90-t are input to a WDM cou- 

45 pier 21 -2, where they are wavelength-multiplexed into a 
C-band WDM optica! signal. The C-band WDM optical 
signal is input to a coupler 92-2 for branching a WDM 
optical signal into two parts at an optical power ratio of 
10:1, for example. 

so [0275] The C-band WDM optical signal having the 
smaller optical power that has been separated by the 
coupler 92-2 is input to an optical spectrum analyzer 93- 
2 for detecting wavelengths of input light and optical 
power values at the detected wavelengths, where a 

55 spectrum of the C-band WDM optical signal is meas- 
ured. The optical spectrum analyzer 93-2 outputs a 
measurement result to the VAT control circuit 94. 
[0276] The C-band WDM optical signal having the 
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larger optical power that has been separated by the 
coupler 92-2 is Input to an EDFA 23. The output of the 
EDFA 23 is controlled by a monitoring/control circuit 95, 
whereby the optical power of the C-band WDM optical 
signal is controlled. The C-band WDM optical signal is 5 
input to a WDM coupler 25. 

[0277] An L-band WDM optical signal is generated 
by a block that is similar to the above block and is com- 
posed of u optical senders 20-s+t+1 to 20-s+t+u , 
VATS 904+1 to 90-t+u, VAT driving circuits 9l-t+1 to 10 
91-t+u , a WDM coupler 21-3, a coupler 92-3, an optical 
spectrum analyzer 93-3, a VAT control circuit 94, and a 
GS-EDFA 24. The generated L-band WDM optical sig- 
nal is input to the WDM coupler 25. 

[0278] The C-band WDM optical signal and the L- ts 
band WDM optical signal are wavelength-multiplexed by 
the WDM coupler 25 into a two-wavelength-band WDM 
optical signal, which is input to an optical fiber 48-1 as 
an optical transmission line and transmitted through it to 
the next-stage repeater. 20 
[0279] After being transmitted through the optical 
fiber 48-1 , the two-wavelength-band WDM optical signal 
is input to a WDM coupler 31A in the next-stage 
repeater, where it is wavelength-demultiplexed into 
WDM optical signals in the respective bands. The WDM 25 
optical signals in the respective bands are input to cou- 
plers 27-2 and 27-3. 

[0280] The C-band WDM optical signal is branched 
by a coupler 27-2 into two parts, which are input to an 
optical power meter 26-2 and an EDFA 33A. Similarly, 30 
the L-band WDM optical signal is branched by a coupler 
27-3 into two parts, which are input to an optical power 
meter 26-3 and a GS-EDFA 34A. The monitoring/con- 
trol circuit 85A sends, to the pre-stage monitoring/con- 
trol circuit 95, a result of measurement of the optical 35 
power of the C-band WDM optical signal by the optical 
power meter 26-2 and a result of measurement of the 
optical power of the L-band WDM optical signal by the 
optical power meter 26-3. 

[0281] The monitoring/control circuit 95 receives 40 
the outputs of the optical power meters 26-2 and 26-3, 
calculates the difference between the optical powers of 
the respective bands, and adjusts the outputs of the 
EDFA 23 and the GS-EDFA 24 so that the difference will 
be eliminated. as 
[0282] On the other hand, the C-band WDM optical 
signal that is input to the EDFA 33A is amplified by the 
EDFA 33A and input to a WDM coupler 35A. The output 
of the EDFA 33A is controlled by the monitoring/control 
circuit 85A, whereby the optical power of the C-band so 
WDM optical signal is controlled. 
[0283] The L-band WDM optical signal that is Input 
to the GS-EDFA 34A is amplified by the EDFA 34A 
whose output is controlled by the monitoring/control cir- 
cuit 85A. The amplified L-band WDM optical signal is 55 
input to the WDM coupler 35A. 

[0284] The WDM optical signals of the respective 
bands are wavelength-multiplexed by the WDM coupler 



35A and thereby returned to a two-wavelength-band 
WDM optical signal. The two-wavelength-band WDM 
optical signal is input to an optical fiber 48-2 and trans- 
mitted to the next-stage repeater through it. 
[0285] The two-wavelength-band WDM optical sig- 
nal is relayed plural times by the composite optical 
amplifying apparatuses in such a manner as to be 
demultiplexed into WDM optical signals in the respec- 
tive bands, subjected to optical power amplification and 
control, and wavelength-multiplexed in the same man- 
ner as in a case where no S + -band WDM optical signal 
exists in the fifth embodiment. The optical power ampli- 
fication and control on WDM optical signals in the 
respective bands are performed by the EDFA 33 and 
the GS-EDFA 34 that are controlled based on the out- 
puts of the optical power meters 36-2 and 36-3 in the 
next-stage composite optical amplifying apparatus. 
[0286] A two-wavelength-band WDM optical signal 
that is output from a composite optical amplifying appa- 
ratus as the finai-stage repeater is input to a WDM cou- 
pler 41, where it is demultiplexed into WDM optical 
signals in the respective bands. The WDM optical sig- 
nals in the respective bands are input to respective cou- 
plers 36Z-2 and 36Z-3. 

[0287] The C-band WDM optical signal is branched 
by the coupler 37Z-2 into two parts, which are input to 
an optical power meter 36Z-2 and an EDFA 43. A result 
of measurement of the optical power of the C-band 
WDM optical signal by the optical power meter 36Z-2 is 
sent to the pre-stage monitoring/control circuit 38Z. 
[0288] The C-band WDM optical signal amplified by 
the EDFA 43 is input to a coupler 96-2 for branching 
light into two parts at an optical power ratio of 10:1, for 
example. 

[0289] The C-band WDM optical signal having the 
smaller optical power that has been separated by the 
coupler 92-2 is input to an optical spectrum analyzer 97- 
2, where a spectrum of the C-band WDM optical signal 
is measured. The optical spectrum analyzer 97-2 out- 
puts a spectrum measurement result to the monitor- 
ing/control apparatus 95, which supplies the received 
spectrum measurement result to the VAT control circuit 
94 as it is. 

[0290] The C-band WDM optical signal having the 
larger optical power that has been separated by the 
coupler 92-2 is input to a WDM coupler 45-2, where it is 
wavelength-demultiplexed into optical signals of chan- 
nel-1 to channel-t. The optical signals of the respective 
channels are input to respective optical receivers 46- 
s+1 to 46-s+t , where they are received and processed. 
[0291] The L-band WDM optical signal is received 
and processed by a block that is similar to the above 
block and is composed of a coupler 37Z-3, an optical 
power meter 36Z-3, a GS-EDFA 44, a coupler 96-3, an 
optical spectrum analyzer 97-3, a WDM coupler 45-3, 
and optical signal receiving sections 46-s+t+1 to 
46-s+t+u . 

[0292] Next, the configuration of each composite 
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optical amplifying apparatus will be described in detail. 
[0293] The configuration of each of the EDFA 33 
and the GS-EDFA 34 of each composite optical amplify- 
ing apparatus are the same as in the fifth embodiment 
except that an optical filter 98 that equalizes the gain of s 
the fiber amplifier is provided in place of the TDF 62, the 
FBGs 76 and 77, the PDs 64 and 67, the operation unit 
68, the LD driving circuit 66, and the LD 65 that equalize 
the gain of the fiber amplifier. 

[0294] The above configuration is employed for the 10 
following reason. That is, the method in which the gain- 
wavelength characteristic of the EDF 78 is equalized by 
measuring gains for a shortest-wavelength optical sig- 
nal and a longest-wavelength optical signal cannot eas- 
ily equalize the gain-wavelength characteristic of the is 
EDF 78 because a WDM optical signal that is input to 
the composite optical amplifying apparatus concerned 
was subjected to in-wavelength-band preemphasis. 
[0295] As shown in Fig. 14, a two-wavelength WDM 
optical signal that has been transmitted from the pre- 20 
stage composite optical amplifying apparatus through 
the optical fiber 48 is input to the WDM coupler 31, 
where it is wavelength-demultiplexed into WDM optical 
signals in the respective bands. The demultiplexed C- 
band WDM optica! signal is input to the coupler 37-2 of 25 
the EDFA 33. The demultiplexed L-band WDM optical 
signal is input to the coupler 37-3 of the GS-EDFA 34. 
[0296] Since the configurations of the EDFA 33 and 
the GS-EDFA 34 are different from each other only in 
the rare-earth-element-doped fiber and the pump 30 
source for pumping it, only the configuration of the 
EDFA 33 will be described in detail and the configura- 
tion of the GS-EDFA 34 will be described only for differ- 
ent points. 

[0297] The EDFA 33 will be described below. 35 
[0298] A WDM optical signal having smaller optical 
power separated by the coupler 37-2 is input to a PD 54, 
where it is subjected to photoelectric conversion. The 
PD 54 outputs a resulting current value to an operation 
unit 58 and an A/D 73. The A/D 73 converts the input 40 
current value from an analog value to a digital value and 
outputs the digital current value to the monitoring/con- 
trol circuit 38. The monitoring/control circuit 38 converts 
the received digital value into an optical signal and 
sends the optical signal to the monitoring/control circuit as 
in the pre-stage repeater via a control line. 
[0299] On the other hand, a WDM optical signal 
having larger optical power separated by the coupler 
37-2 is input to an erbium-doped fiber (hereinafter 
abbreviated as EDF) 78. Population inversion is formed so 
in the EDF 78 through absorption of laser beam that is 
emitted from an LD 55, and the EDF 78 amplifies the 
WDM optical signal through stimulated emission. Sup- 
plied with a drive current from an LD driving circuit 56, 
the LD 55 emits laser beam for pumping the EDF 78. ss 
[0300] The WDM optical signal amplified by the 
EDF 78 is input to a coupler 53. A WDM optical signal 
having smaller optical power that has been separated 



by the coupler 53 is input to a PD 57, where it is sub- 
jected to photoelectric conversion. The PD 57 outputs a 
resulting current to the operation unit 58. 
[0301] The operation unit 58 converts the currents 
that are input from the PDs 54 and 57 into voltages by 
using resistors (not shown in Fig. 14), respectively. The 
operation unit 58 compares the voltages corresponding 
to the respective PDs 54 and 57 and supplies an output 
corresponding to the difference between the two volt- 
ages to the LD driving circuit 56. The LD driving circuit 
56 judges the gain of the WDM optical signal being 
amplified by the EDF 78 based on the output of the 
operation unit 56, and adjusts the drive current for the 
LD 55 so that the gain becomes a predetermined value. 
[0302] On the other hand, a WDM optical signal 
having larger optical power that has been separated by 
the coupler 53 is input to a VAT 59. The VAT 59 attenu- 
ates the optical power of the input WDM optical signal 
and outputs the attenuated WDM optical signal, the 
attenuation amount being controlled by a VAT driving 
circuit 70. 

[0303] The WDM optical signal whose optical 
power has been attenuated by the VAT 59 is input to a 
DC 60, where chromatic dispersion is compensated for. 
[0304] The WDM optical signal that is output from 
the DC 60 is input to an optical filter 98. The optical filter 
98 is a gain equalizer for making the gain-wavelength 
characteristic of the EDF 78 approximately flat. 
[0305] The WDM optical signal that is output from 
the optical filter 98 is input to a coupler 99 for branching 
light into two parts. 

[0306] One WDM optical signal separated by the 
coupler 99 is input to a PD 61, where it is subjected to 
photoelectric conversion. The PD 61 outputs a resulting 
current to an operation unit 71. The other WDM optical 
signal separated by the coupler 99 is input to the WDM 
coupler 35, where it is converted into an optical signal to 
be transmitted to the next-stage repeater. 
[0307] The monitoring/control circuit 38 receives, 
from the monitoring/control circuit of the next-stage 
repeater, signals indicating the optical powers of the 
respective bands of the two-wavelength-band WDM 
optical signal that was transmitted from the repeater 
concerned. Based on the received signals, the monitor- 
ing/control section 38 calculates the difference between 
optical powers of the respective bands after transmis- 
sion. By referring to a correlation table between the 
sending optical power and the reception optical power 
that is stored in a ROM 51 in the monitoring/control cir- 
cuit 38, the monitoring/control circuit 38 calculates, 
based on the difference, a target value of the optical 
power of a C-band WDM opticaf signal to be output from 
the repeater concerned. The monitoring/control circuit 
38 converts the target value into a control value of the 
VAT driving circuit 70 based on a relationship between 
the target value and the control value of the VAT driving 
circuit 70 that is stored in a ROM 74. The monitor- 
ing/control circuit 38 outputs the resulting control value 
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to a D/A 72. The D/A converts the control value from a 
digital value to an analog value and outputs the resulting 
analog control value to the operation unit 71 . 
[0308] The operation unit 71 compares the output 
of the D/A 72 with a voltage obtained through conver- 
sion of the current of the PD 61 by a resistor (not shown 
in Fig. 14), and supplies an output corresponding to the 
difference to the VAT driving circuit 70. Based on the 
output of the operation unit 71 , the VAT driving circuit 70 
adjusts the attenuation amount of the VAT 59. As a 
result, the optical power of the C-band WDM optical sig- 
nal that is output from the repeater concerned is 
adjusted to a control value. 

[0309] The configuration of the GS-EDFA 34 is the 
same as that of the ED FA 33 except that the EDF 78 is 
replaced by a long, erbium-doped fiber. Various settings 
of the dispersion compensation fiber 60 and the opera- 
tion units 58 and 71 and the contents of the ROM 74 are 
adjusted so as to be suitable for handling of an L-band 
WDM optical signal. 

[0310] The configuration of each composite optical 
amplifying apparatus has been described above in 
detail with reference to Fig. 14. The configurations of 
the ED FA 23 and the GS-EDFA 24 of the two-wave- 
length-band WDM optical signal sending apparatus 
shown in Fig. 13 are similar to those of each composite 
optical amplifying apparatus. 

[0311] As for the corresponding relationship 
between the two apparatuses, the C-band WDM optical 
signal that is output from the WDM coupler 21-2 corre- 
sponds to that output from the WDM coupler 31 and the 
L-band WDM optical signal that is output from the WDM 
coupler 21-3 corresponds to that output from the WDM 
coupler 31. The ED FA 23 corresponds to the ED FA 33 
and the GS-EDFA 24 corresponds to the GS-EDFA 34. 
The WDM coupler 25 corresponds to the WDM coupler 
35, couplers 27-2 and 27-3 correspond to the couplers 
37-2 and 37-3, and optical power meters 26-2 and 26-3 
correspond to the optical power meters 36-2 and 36-3. 
[0312] Next, the operation principle and the advan- 
tageous effects of the optical transmission system 
according to the seventh embodiment will be described. 
Since the control relating to the inter-wavelength-band 
preemphasis that is performed after the inner-wave- 
length band preemphasis is the same as in the fifth 
embodiment, it is not described here. 
[0313] First, the inner-wavelength band preempha- 
sis will be described. 

[0314] A two-wavelength-band WDM optical signal 
that is output from the two-wavelength-band WDM opti- 
cal signal sending apparatus is amplified and relayed by 
the repeaters that are composite optical amplifying 
apparatuses while being transmitted through the optical 
fibers 48, and then the two-wavelength-band WDM opti- 
cal signal is input to the WDM optical signal receiving 
apparatus. 

[0315] In the WDM optical signal receiving appara- 
tus, a spectrum of the C-band WDM optical signal is 



measured by the optical spectrum analyzer 97-2. A 
measurement result is sent to the monitoring/control cir- 
cuit 95 in the two-wavelength-band WDM optical signal 
sending apparatus via the control line that is dedicated 

5 to control signal transmission. Alternatively, one of the 
optical signals of the two-wavelength-band WDM optical 
signal may be used instead of using the control line. In 
this case, for example, undefined bytes of a section 
overhead of the SDH (synchronous digital hierarchy) 

10 are used. The section overhead is a portion in the SDH 
to accommodate information that is necessary to oper- 
ate a network, such as maintenance information and a 
status monitor. 

[0316] The monitoring/control circuit 95 outputs the 

15 measurement result to the VAT control circuit 94. 

[0317] Based on the measurement result, the VAT 
control circuit 94 determines an optical signal having the 
best optical SNR value among the optical signals of the 
C-band WDM optical signal. The VAT control circuit 94 

20 supplies signals to the VAT driving circuits 91-1 to 91 -t 
corresponding to the respective optical signals and con- 
trols the attenuation amounts of the respective VATS 
90-1 to 90-t so that the optical SNRs will be made equal 
to the best optical SNR value. 

25 [0318] The optical signals whose optical powers 
have been adjusted by the respective VATs 90-1 to 90-t 
are wavelength-multiplexed by the WDM coupler 21-2, 
and a resulting C-band WDM optical signal is input to 
the coupler 92-2. After being separated by the coupler 

30 92-2, part of the C-band WDM optical signal is input to 
the optical spectrum analyzer 93-2, where its spectrum 
is measured. The optical spectrum analyzer 93-2 out- 
puts a measurement result to the VAT control circuit 94. 
[0319] The VAT control circuit 94 judges, based on 

35 the measurement result supplied from the optical spec- 
trum analyzer 93-2, whether the optical powers of the 
respective optical signals are equal to the intended val- 
ues of the adjustment, and then finely adjusts the VAT 
driving circuits 91-1 to 91-t. 

40 [0320] The inner-wavelength band preemphasis on 
the C-band WDM optical signal is performed in this 
manner. 

[0321] Similarly, the inner-wavelength band preem- 
phasis on the L-band WDM optical signal is performed 

45 by the coupler 96-3, the optical spectrum analyzer 97-3, 
the monitoring/control circuit 95, the VAT control circuit 
94, the VAT driving circuits 91-t+1 to 91-t+u , the VATS 
90-t+1 to 90-t+u , the coupler 92-3, and the optical 
spectrum analyzer 93-3. 

so [0322] The WDM optical signals that have been 
subjected to the inner-wavelength band preemphasis 
are then subjected to the inter-wavelength-band preem- 
phasis in the manner described in the fifth embodiment, 
and the resulting WDM signals are output to the optical 

55 fiber 48-1. 

[0323] In the first repeater, the optical powers of the 
WDM optical signals of the two-wavelength-band WDM 
signal are varied owing to the stimulated Raman scat- 
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tering and the loss in the optical transmission line. How- 
ever, since the inter-wavelength-band preemphasis was 
performed, the optical power of the C-band WDM opti- 
cal signal is made approximately equal to that of the L- 
band WDM optical signal. The two-wavelength-band s 
WDM signal is subjected to the inter-wavelength-band 
preemphasis and amplification in the repeater, and out- 
put to the optical fiber 48-2. 

[0324] The two-wavelength-band WDM signal is 
similarly subjected to the inter-wavelength-band preem- 10 
phasis and amplification in each of the subsequent 
repeaters. The two-wavelength-band WDM signal is 
relayed plural times by the plurality of repeaters and 
then input to the WDM optical signal receiving appara- 
tus. 15 
[0325] Since the received two-wavelength-band 
WDM signal was subjected to the inner-wavelength 
band preemphasis as described above, deterioration in 
optical SNRs due to ASEs caused by the EDFA 23 or 33 
and the GS-EDFA 24 or 34 in each apparatus can be 20 
reduced. Further, since the inter-waveiength-band 
preemphasis was also performed, deterioration in opti- 
cal SNRs due to deviations between the wavelength 
bands caused by the stimulated Raman scattering etc. 
in the optical fibers 48 can also be reduced. 25 
[0326] As such, the optical transmission system 
according to the seventh embodiment can further 
increase the distance of ultra-long distance transmis- 
sion because the optical SNRs of the respective optical 
signals can greatly be increased. 30 
[0327] Although in the seventh embodiment the in- 
wavelength-band preemphasis is adjusted by using the 
VATs, the invention is not limited to such a case and any 
device capable of adjusting optical power can be used. 
For example, a fiber amplifier and a semiconductor opti- 35 
cal amplifier can be used. In the case of a fiber amplifier, 
the in-wavelength-band preemphasis can be performed 
by adjusting the gain by adjusting the output of pump 
light for pumping an optical fiber. In the case of a semi- 
conductor laser optical amplifier, in-wavelength-band 40 
preemphasis can be performed by adjusting the gain by 
adjusting a bias current (drive current). 
[0328] In the composite optical amplifying appara- 
tus in each of the fifth to seventh embodiments, the gain 
gradient in each wavelength band is controlled by the 45 
next-stage rare-earth-element-doped fiber. Instead, a 
gain equalizer that is an optical filter can be used. 
[0329] Fig. 15A shows a case where a gain equal- 
izer is provided in each optical amplifying unit, and Fig. 
15B shows a case where a gain equalizer is separated so 
from the corresponding optical amplifying unit. - 
[0330] Referring to Fig. 15A, in this composite opti- 
cal amplifying apparatus, a WDM coupler 31 demulti- 
plexes an input three-wavelength-band WDM optical 
signal into WDM optical signals in respective bands, ss 
The demultiplexed WDM optical signals are input to 
optical amplifiers 101-1a to 101-3a of respective ampli- 
fying units 101-1 to 101-3. The optical amplifier 101-1a 



has the same configuration as the TDFA 32 shown in 
Fig. 1 1 except that the TDF 62, the LD 65, the LD driv- 
ing circuit 66, the operation unit 68, the FBGs 76 and 
77, and the PDs 64 and 67 are not provided. The same 
applies to the other optical amplifiers 101 -2a and 101- 
3a. The WDM optical signals in the respective bands 
whose optical powers have been adjusted by the 
respective optical amplifiers 101 -1a to 101 -3a are input 
to respective gain equalizers 101-1b to 101-3b. The 
gain equalizers 1Q1-1b to 101-3b almost flatten the 
gains of the WDM optical signals in the respective 
bands. The resulting WDM optical signals in the respec- 
tive bands are input to a WDM coupler 35, where they 
are wavelength-multiplexed and thereby returned to a 
three-wavelength-band WDM optical signal, which is 
transmitted to the next-stage repeater. 
[0331] The composite optical amplifying apparatus 
of Fig. 15B is composed of optical amplifiers 103-1 to 
103-3 and gain equalizers 104-1 to 104-3 all of which 
are independent optical parts. The optical amplifiers 
103-1 to 103-3 correspond to the optical amplifiers 101- 
1a to 101 -3a in Fig. 15A and the gain equalizers 104-1 
to 104-3 correspond to the gain equalizers 101-1b to 
101 -3b in Fig. 15A. 

[0332] The fifth to seventh embodiments were 
directed to the case where the composite optical ampli- 
fying apparatus is fixed in the number of wavelength 
bands in constructing an optical system. However, by 
providing optical adapters for each of the WDM couplers 
31 and 35, the fifth to seventh embodiments can adapt 
to a case of decreasing or increasing the number of 
wavelength bands after construction of an optical sys- 
tem. 

[0333] To enable attachment/detachment of optical 
amplifiers, as shown in Figs. 16A and 16B, optical 
adapters 106-1 to 106-3 are provided between the 
WDM coupler 31 and the TDFA 32, EDFA 33, and GS- 
EDFA 34 and optical adapters 107-1 to 107-3 are pro- 
vided between the TDFA 32, EDFA 33, and GS-EDFA 
34 and the WDM coupler 35. The contents of the ROM 
51 in the monitoring/control circuit 38 are written in 
accordance with decrease or increase in the number of 
wavelength bands. 

[0334] The fifth embodiment was directed to the 
case of handling a three-wavelength-band WDM optical 
signal, and the seventh embodiment was directed to the 
case of handling a two-wavelength-band WDM optical 
signal. However, the invention is not limited to such 
cases and can be applied to a case of handling an n- 
wavelength-band WDM optical signal of an arbitrary 
number of wavelength bands. 

[0335] The fifth to seventh embodiments were 
directed to the case of unidirectional transmission in 
which WDM optical signals in respective wavelength 
bands are transmitted in the same direction. However, 
the invention can also be applied to the case of bidirec- 
tional transmission because same results are obtained 
in unidirectional transmission and bidirectional trans- 
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mission as was described with reference to Figs. 21 and 
22. 

[0336] The invention is not limited to the above 
embodiments and various modifications may be made 
without departing from the spirit and scope of the inven- 5 
tion. Any improvement may be made in part or all of the 
components. 

Claims 

w 

1 . An optical amplifying apparatus comprising: 

a plurality of optical adjusting means provided 
for respective wavelength bands, for adjusting 
optical powers of light beams; 15 
wavelength-multiplexing means for wave- 
length-multiplexing outputs of said respective 
optical adjusting means; and 
controlling means for performing control so that 
an output of optical adjusting means for adjust- 20 
ing optical power of shorter-wavelength-band 
light among said plurality of optical adjusting 
means becomes larger than an output of opti- 
cal adjusting means for adjusting optical power 
of longer-wavelength-band light among said 25 
plurality of optical adjusting means. 

2. The optical amplifying apparatus according to claim 
1 , further comprising: 

30 

wavelength-demultiplexing means for wave- 
length-demultiplexing input light into light 
beams in respective wavelength bands; and 
outputting each of the light beams in the 
respective wavelength bands to said respective 35 
optical adjusting means. 

3. The optical amplifying apparatus according to claim 
1 , wherein said controlling means further controls 
the outputs of said respective optical adjusting 40 
means so that optical powers of the respective 
wavelength bands at a predetermined point will 
become approximately identical when output light 

of the wavelength-multiplexing means travels to the 
predetermined point. 45 

4. The optical amplifying apparatus according to claim 
1 , wherein said controlling means further controls 
the outputs of said respective optical adjusting 
means so that powers obtained by eliminating so 
noise powers in the respective optical adjusting 
means from optical powers of said respective wave- 
length bands at a predetermined point will become 
approximately identical when output light of the 
wavelength-multiplexing means travels to the pre- 55 
determined point. 

5. The optical amplifying apparatus according to claim 



1, further comprising a light source for supplying 
light to respective input light beams of said plurality 
of optical adjusting means. 

6. The optical amplifying apparatus according to claim 

2, further comprising an optical transmission line 
connected to said wavelength-demultiplexing 
means for transmitting said input light, and a light 
source for supplying light to said optical transmis- 
sion line. 

7. The optical amplifying apparatus according to claim 

2, wherein said controlling means determines a dif- 
ference between the output of said optical adjusting 
means for adjusting the optical power of said 
shorter-wavelength-band light and the output of 
said optical adjusting means for adjusting the opti- 
cal power of said longer-wavelength-band light 
based on at least one of stimulated Raman scatter- 
ing in an optical transmission line connected to an 
output side of said optical amplifying apparatus, a 
loss in said optical transmission line, a loss in said 
wavelength-demultiplexing means, and a loss in 
said wavelength-multiplexing means. 

8. The optical amplifying apparatus according to claim 
1 , wherein said light beams are a WDM optical sig- 
nal in a first wavelength band and a WDM optical 
signal in a second wavelength band having longer 
wavelength than the first wavelength band, and 
wherein 

the number of channels of the WDM optical sig- 
nal in the first wavelength band is increased or 
decreased. 

9. The optical amplifying apparatus according to claim 
1 , wherein said light beams are a WDM optical sig- 
nal in a first wavelength band and a WDM optical 
signal in a second wavelength band having longer 
wavelength than the first wavelength band, and 
wherein the number of channels of the WDM optical 
signal in the second wavelength band is increased 
or decreased. 

1 0. The optical amplifying apparatus according to claim 

3, further comprising detecting means for detecting 
said optical powers of said respective wavelength 
bands at said predetermined point, wherein 

said controlling means further controls the out- 
puts of said respective optical adjusting means 
based on an output of the detecting means. 

11. The optical amplifying apparatus according to claim 

4, further comprising detecting means for detecting 
said optical powers of said respective wavelength 
bands at said predetermined point, wherein 
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said controlling means further controls the out- 
puts of said respective optical adjusting means 
based on an output of said detecting means. 

12. The optical amplifying apparatus according to claim 5 

10, wherein said light beams are WDM optical sig- 
nals, and wherein 

said detecting means detects optical power of 
one of the WDM optical signals that corre- 10 
spends to a shortest-wavelength channel. 

13. The optical amplifying apparatus according to claim 

11, wherein said light beams are WDM optical sig- 
nals, and wherein 15 

said detecting means detects optical power of 
one of the WDM optical signals that corre- 
sponds to a shortest-wavelength channel. 

20 

14. The optical amplifying apparatus according to claim 
1, wherein said plurality of optical adjusting means 
are optical amplifiers for amplifying said light 
beams. 

25 

15. The optical amplifying apparatus according to claim 
1, wherein said plurality of optical adjusting means 
are optical attenuators for attenuating said light 
beams. 

30 

16. An optical sending apparatus comprising: 

a plurality of optical sending means provided 
for each predetermined wavelength band, and 
for generating WDM optical signals in the 35 
respective wavelength bands; 
a plurality of optical adjusting means con- 
nected to said respective optical sending 
means, for adjusting optical powers of light 
beams; ao 
wavelength-multiplexing means for wave- 
length-multiplexing outputs of said respective 
optical adjusting means; and 
controlling means for performing control so that 
an output of optical adjusting means for adjust- 45 
ing optical power of shorter-wavelength-band 
light among said plurality of optical adjusting 
means becomes larger than an output of opti- 
cal adjusting means for adjusting optical power 
of longer-wavelength-band light among said so 
plurality of optical adjusting means. 

17. The optical sending apparatus according to claim 
16, wherein said controlling means further controls 

the outputs of said respective optical adjusting 55 
means so that optical powers of the respective 
wavelength bands at a predetermined point will 
become approximately identical when output light 



of said wavelength-multiplexing means travels to 
the predetermined point. 

18. The optical sending apparatus according to claim 
16, wherein said controlling means further controls 
the outputs of said respective optical adjusting 
means so that powers obtained by eliminating 
noise powers in said respective optical adjusting 
means from optical powers of the respective wave- 
length bands at a predetermined point will become 
approximately identical when output light of said 
wavelength-multiplexing means travels to the pre- 
determined point. 

19. The optical sending apparatus according to claim 
16, wherein said controlling means determines a 
difference between the output of said optical adjust- 
ing means for adjusting the optical power of said 
shorter-wavelength-band light and the output of 
said optical adjusting means for adjusting the opti- 
cal power of said longer-wavelength-band light 
based on at least one of stimulated Raman scatter- 
ing in an optical transmission line connected to an 
output side of said optical sending apparatus, a loss 
in said optical transmission line, and a loss in said 
wavelength-multiplexing means. 

20. The optical sending apparatus according to claim 
16, wherein said WDM optical signals in the respec- 
tive wavelength bands are a WDM optical signal in 
a first wavelength band and a WDM optical signal in 
a second wavelength band having longer wave- 
lengths than the first wavelength band, and wherein 

the number of channels of said WDM optical 
signal in the first wavelength band is increased 
or decreased. 

21. The optical sending apparatus according to claim 

16, wherein said WDM optical signals in the respec- 
tive wavelength bands are a WDM optical signal in 
a first wavelength band and a WDM optical signal in 
a second wavelength band having longer wave- 
lengths than the first wavelength band, and wherein 

the number of channels of said WDM optical 
signal in the second wavelength band is 
increased or decreased. 

22. The optical sending apparatus according to claim 

17, further comprising detecting means for detect- 
ing said optical powers of said respective wave- 
length bands at said predetermined point, wherein 

said controlling means further controls the out- 
puts of said respective optical adjusting means 
based on an output of said detecting means. 
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23. The optical sending apparatus according to claim 
18, further comprising detecting means for detect- 
ing one of said optical powers of said respective 
wavelength bands at said predetermined point, 
wherein 5 

said controlling means further controls the out- 
puts of said respective optical adjusting means 
based on an output of said detecting means. 

10 

24. The optical sending apparatus according to claim 

22, wherein said detecting means detects optical 
power of one of the WDM optical signals that corre- 
sponds to a shortest-wavelength channel. 

15 

25. The optical sending apparatus according to claim 

23, wherein said detecting means detects optical 
power of one of the WDM optical signals that corre- 
sponds to a shortest-wavelength channel. 

20 

26. The optical sending apparatus according to claim 
16, wherein each of said plurality of optical sending 
means generates each WDM optical signal respec- 
tively in each of said plurality of wavelength bands 

by generating a plurality of optical signals having 25 
different optical powers and wavelength-multiplex- 
ing said plurality of optical signals on a wavelength 
band basis. 

27. The optical sending apparatus according to claim 30 
16, wherein said plurality of optical adjusting means 
are optical amplifiers for amplifying light beams. 

28. The optical sending apparatus according to claim 

1 6, wherein said plurality of optical adjusting means 35 
are optical attenuators for attenuating light beams. 

29. An optical transmission system comprising: 

an optical sending apparatus for generating an 40 
optical signal of a plurality of wavelength 
bands; 

an optical transmission line for transmitting the 
generated said optical signal; 
an optical receiving apparatus for receiving and 45 
processing said optical signal transmitted 
through said optical transmission line; and 
at least one optical amplifying apparatus pro- 
vided on the optical transmission line, compris- 
ing: so 
wavelength-demultiplexing means for wave- 
length-demultiplexing said optical signal on a 
wavelength band basis; 

a plurality of optical adjusting means for adjust- 
ing optical powers of each said optical signal in 55 
the respective wavelength bands, that are out- 
put from said wavelength-demultiplexing 
means; 



wavelength-multiplexing means for wave- 
length-multiplexing outputs of said respective 
optical adjusting means; and 
controlling means for performing control so that 
an output of optical adjusting means for adjust- 
ing optical power of shorter-wavelength-band 
light among said plurality of optical adjusting 
means becomes larger than an output of opti- 
cal adjusting means for adjusting optical power 
of longer-wavelength-band light among said 
plurality of optical adjusting means. 

30. The optical transmission system according to claim 
29, wherein said controlling means of said optical 
amplifying apparatus further controls the outputs of 
said respective optical adjusting means so that opti- 
cal powers of the optical signals in the respective 
wavelength bands at a predetermined point will 
become approximately identical when an output 
optical signal of said optical amplifying apparatus 
travels to the predetermined point. 

31. The optical transmission system according to claim 
29, wherein said controlling means of said optical 
amplifying apparatus further controls the outputs of 
said respective optical adjusting means so that 
powers obtained by eliminating noise powers in 
said respective optical adjusting means from optical 
powers of the optical signals in said respective 
wavelength bands at a predetermined point will 
become approximately identical when an output 
optical signal of said optical amplifying apparatus 
travels to the predetermined point. 

32. The optical transmission system according to claim 
29, wherein said optical amplifying apparatus fur- 
ther comprises a light source for supplying light to 
an optical transmission line through which an input 
optical signal is transmitted. 

33. The optical transmission system according to claim 
29, wherein said optical sending apparatus gener- 
ates said optical signal of said plurality of wave- 
length bands by generating said plurality of optical 
signals having different optical powers and wave- 
length-multiplexing the plurality of optical signals on 
a wavelength band basis. 

34. The optical transmission system according to claim 
29, wherein said optical receiving apparatus com- 
prises a spectrum detecting section for detecting a 
spectrum of the optical signal and outputting a 
detect said ion result to the optical sending appara- 
tus, and wherein 

said optical sending apparatus generates said 
optical signal of said plurality of wavelength 
bands by generating sets of optical signals hav- 
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ing different optical powers based on the detec- 
tion result of the spectrum detecting section 
and wavelength-multiplexing the sets of optical 
signals on a wavelength band basis. 

5 

35. The optical transmission system according to claim 
29, wherein said plurality of optical adjusting means 
of the optical amplifying apparatus are optical 
amplifiers for amplifying optical signals. 

10 

36. The optical sending apparatus according to claim 
29, wherein said plurality of optical adjusting means 
of the optical amplifying apparatus are optical atten- 
uators for attenuating optical signals. 

15 

37. A method of amplifying light comprising the steps 
of: 

(1) amplifying light in a longer-wavelength band 
among a plurality of wavelength bands; 20 

(2) amplifying light in a shorter-wavelength 
band among said plurality of wavelength bands 
so that it will have optical power that is larger 
than optical power of the amplified light in the 
longer-wavelength band; and 25 

(3) wavelength-multiplexing light beams of the 
plurality of wavelength bands. 



shorter-wavelength band among said plurality 
of WDM optical signals so that it will have opti- 
cal power that is larger than optical power of 
the amplified WDM optical signal in said 
longer-wavelength band; and 
(5) wavelength-multiplexing said plurality of 
WDM optical signals. 

40. The optical amplifying method according to claim 
39, further comprising a step of determining a dif- 
ference between an amplification output of the 
WDM optical signal in said shorter-wavelength 
band and an amplification output of the WDM opti- 
cal signal in said longer-wavelength band so that 
optical powers of the respective WDM optical sig- 
nals at a predetermined point will become approxi- 
mately identical when a wavelength-multiplexed 
optical signal of the plurality of WDM optical signals 
travels to the predetermined point, and wherein 

said step (4) amplifies the WDM optical signal 
in said shorter-wavelength band so that it will 
have optical power that is larger than optical 
power of amplified light in the longer-wave- 
length band by said difference. 

41. A method of inputting light comprising the steps of: 



38. The optical amplifying method according to claim 
37, further comprising a step of determining a dif- 30 
ference between an amplification output of the light 
in said shorter-wavelength band and an amplifica- 
tion output of the light in said longer-wavelength 
band so that optical powers of the respective wave- 
length bands at a predetermined point will become 35 
approximately identical when wavelength-multi- 
plexed light of the said plurality of wavelength 
bands travels to the predetermined point, and 
wherein 

40 

said step (2) amplifies said light in the shorter- 
wavelength band so that it will have optical 
power that is larger than optical power of ampli- 
fied light in said longer-wavelength band by 
said difference. 45 



making optical power of a WDM optical signal 
in a shorter-wavelength band larger than opti- 
cal power of a WDM optical signal in a longer- 
wavelength band among a plurality of WDM 
optical signals in respective wavelength bands; 
and 

inputting said plurality of WDM optical signals 
in the respective wavelength bands to an opti- 
cal transmission line. 



39. A method of amplifying light comprising the steps 
of: 



(1 ) generating a plurality of optical signals hav- so 
ing different optical powers; 

(2) generating a plurality of WDM optical sig- 
nals by wavelength-multiplexing said plurality 
of optical signals on a wavelength band basis; 

(3) amplifying a WDM optical signal in a longer- 55 
wavelength band among the plurality of WDM 
optical signals; 

(4) amplifying a WDM optical signal in a 
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